. facts of the case. 
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Waste of Water in the City of New York. 


It is most natural that those who believe a large 
waste of public water to exist in New York City 
should take this particular time to comment upon 
it in connection with the proposed construction 
of necessary works for an additional supply. So 
much has been said on this subject that there 
may be a public impression not justified by the 
It was said by some of the 
opponents of the plan for an additional supply, 
at the public hearings at Kingston, ‘that if the 
waste of water now taking place should be pre- 
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vented the amount saved would be sufficient to 
give the city all it needs for a number of: years 
to come. There are instances of the daily press 
of the city not only sharing but advocating the 
same views. 

If the preventable waste in the City of New 
York is nearly as much as these statements indi- 
cate it would certainly be the part of wisdom 
for the city to cure such waste rather than spend 
great sums of money for more water to be simi- 
larly wasted. If, on the other hand, the prevent- 
able waste is but moderate in amount and of such 
comparatively small quantity that it is imprac- 
ticable to secure any reasonable diminution of it 
without’ years of effort, it would be dangerous 
folly to relax to any extent the most vigorous 
efforts to secure an additional supply. This sub- 
ject is one which should not be treated by the 
loose methods of impressionists nor should state- 
ments based upon isolated facts having no real 
bearing on the broad question of waste be seri- 
ously considered. The subject is beset with diffi- 
culties enough at the best, and its true dimensions 
cannot be reached through any other means than 
rational and cool analysis, coupled with the results 
of absolutely reliable investigations sufficiently 
comprehensive to cover the wide variety of con- 
ditions existing in the greatest city in the coun- 
try. 

There have been two such investigations, one by 
Mr. John R. Freeman of a general character un- 
dertaken five or six years ago for the comptroller 
of the city. Mr. Freeman had neither the time 
nor the means at his command to make a de- 
tailed investigation as to the amounts of water 
required by the different classes of consumption. 
He made measurements of the night flow into 
the distribution system and obtained results which 
indicated an inordinately high rate of consump- 
tion between the hours of 2 and 4 a. m. which 
he believed, from the available data, could only 
be accounted for by a large waste. His work 
was most admirably done and the results were of 
unusual value. The other investigation was made 
by Mr. N. S. Hill, Jr., chief engineer of the De- 
partment of Water Supply, Gas & Electricity, in 
co-operation with the Commission on Additional 
Water Supply during 1902-3, and was of a much 
more detailed character, extending over a greater 
period of time and was carried in many cases 
even into the use of water in various classes of 
buildings and to a house-to-house inspection of 
plumbing in selected districts. A high night con- 
sumption similar to that observed by Mr. Free- 
man was found in these latter investigations. 
Twelve representative districts in the Boroughs 
of Manhattan and the Bronx were selected so 


that the flow of water into them could. be ac- | 


curately measured ‘by the pitometer. The use 
of water within these districts was carefully ob- 
served. In this manner the water supplied to these 
various districts was accounted for with at least 
an approach to close approximation in most cases. 
The results can be found in the report of the 
Commission on Additional Water Supply. It is 
only necessary to state here that the aggregate 
area of the districts covered amounted to nearly 
one-eighth of the entire area of Manhattan and 
the Bronx with a population of a little over 
500,000 people. 

It was found that in the wealthy Murray Hill 
residential district, the consumption per head of 
population amounted to over 175° gal. per day. 
The consumption, however, in one of the east- 
side tenement districts fell to 37 gal. per head 
per day. In one dense office district below Ful- 
ton St. the consumption per head of resident 
population per day rose to 860 gal., but by allow- 
ing for the transient office population this con- 
sumption fell to 83 gal. per head of total popu- 
lation per day. It was further found that a tran- 
sient population of not far from 600,000 people 
entered and departed from the Borough of Man- 
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Careful measurements in what 
may be considered an average representative 
household with plumbing in good 
where the habit of daily baths prevailed showed 
the purely. domestic consumption per member of 
family per day varied from 65 to 75 gal. It was 
further found during these investigations that in 
some portions of the city the volume of tankage, 
that is, the capacity of tanks or small reservoirs, 
used in buildings of all classes, has'a very large 
aggregate, the average single tank capacity in 
many buildings being as much as 1,500 gal. The 
filling of this tank at night and the further fact 
that the night use of water is much greater than 
has frequently been supposed account largely for 
the observed high rate of flow in the mains at 
night. 

The careful house-to-house inspection of plumb- 
ing in some districts appeared to indicate that the 
loss of water through defective plumbing, includ- 
ing leaky ball cocks and various other similar 
appurtenances, amounted to about 15 per cent. of 
the total supply. This latter estimate, however, is 
approximate and may be either too large or too 
small for the city as a whole. Again, not only 
these investigations but also the great extent of 
excavations made by the Rapid Transit Railroad 
Commission show that the loss of water directly 
from the pipes and mains of the distributing sys- 
tem is not nearly so much as has been thought ; 
indeed, they show that it is comparatively small. 

A careful consideration of all these facts indi- 
cates clearly that the aggregate of all the sources 
of preventable waste in the city is much more 
likely to be small than large. 

It appears to be reasonable to take from 60 
to 75 gal. per head of population per day as the 
average purely domestic use, with plumbing in 
reasonably good condition. If there be added 
to this the quantity of water legitimately used 
for. all other purposes such as power, street 
flushing, fire purposes and water front con- 
sumption, it will be found that the difference be- 
tween that total and the average consumption for 
the entire city of about 120 gal. per head of 
population per day is not large. There is no rea- 
son to believe that if every available and effective 
means for reducing the waste of water, such as 
universal metering and continual inspection, were 
installed under the most favoring conditions, that 
a reduction of as much as 15 per cent. of the 
average present daily consumption could be at- 
tained within three to four years. Furthermore 
it is thé universal experience with public water 
supplies that what may be termed the legitimate 
use of water is constantly increasing. It is about 
as certain as anything of such a nature can be that 
the reduction of consumption under the circum- 
stances described above would no more than meet 
this legitimate enhanced annual demand by water 
consumers, 

It is full time that this subject of water waste 
be treated rationally and not after the manner 
of speculative and irresponsible though well- 
meaning reformers in the use of water. The 
erroneous views in regard. to this question of 
water waste held by even intelligent people are 
well illustrated by an incident which took place 
in one of the recent public hearings before the 
New York State Water Commission at Kings- 
ton. A prominent counsel for one of the oppon- 
ents of the proposed plan of additional water sup- 
ply from the Catskill regions, opening the report 
of the former Commission on Additional Water 
Supply at one of the tables in the back of the 
volume, asserted that the table before him showed 
a waste of water in the City of New York of 
fully three-fourths of the total supply. Although 
cautioned that he might be in error he positively 
and triumphantly asserted the correctness of his 
position and cited the table to support him. One 
of the attending engineers for the New York 
Board of Water Supply immediately showed him, 


hattan each day. 


order and 
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however, that what he positively asserted to be 
the waste of the city was simply the unmetered 
portion of the total supply. Most of the criticisms 
of the proposed present plan based upon the sup- 
posed great preventable waste are equally un- 
founded and absurd. 

The total consumption of water in New York 
City, i. e., about 120 gal. per head of population 
per day, is moderate when it is remembered 
that the City of Boston consumes 140 gal., Bal- 
timore 120 gal., Cleveland 145 gal., St. Louis 135 
gal., Philadelphia 230 gal. and Buffalo 325 gal. 
in 1902. These figures show that it is dangerous- 
ly illusory to expect any sensible relief by the 
reduction of preventable waste. The City of New 
York needs much more quickly than it can be 
obtained the additional. water which the Board of 
Water Supply is now endeavoring to secure from 
the Catskill regions. In all probability the city 
will experience a severe water famine before the 
Catskill water can give it relief even under the 
most favoring conditions. ; 


Electrolysis in Pittsburg. 


Some weeks ago the daily papers printed de- 
spatches from Pittsburg to the effect that an elec- 
tric survey of the underground metallic struc- 
‘tures of the city revealed considerable damage to 
the steelwork in the foundations of important 
‘buildings. It was said. the report on the survey 
was suppressed on account of the serious nature 
‘of its revelations of damage by wandering re- 
‘turn currents. A copy of it has recently been 
shown to The Engineering Record, but no such 
dire news of definite trouble can be found in it. 
The nearest approach to the newspaper rumor 
which it presents is the following glittering gen- 
verality: “Incidentally, in making electrolytic sur- 
weys, the care and preservation of substructures 
‘constructed of steel have been repeatedly called 
to my attention, for in these days of progression, 
where steel is used in enormous amounts under 
-ground, we have little knowledge whether electro- 
lysis is seriously at work or not. Both grounded 
lighting and electric street railway ground cur- 
rents may be seriously injuring these great under- 
ground substructures, in which case a very small 
current of electricity steadily at work for a num- 
ber of years might do a great amount of damage 
before it was detected. The damage to under- 
ground steel structures of buildings is very dif- 
ficult to discover on account of the inaccessibility 
of the substructure, but it would seem that this 
is most certainly a very grave possibility, with 
results too awful to foretell. It may be after 
a great calamity or the rebuilding of some of 
the earlier structures that some very valuable 
data will be obtained therefrom.” 

While the report thus fails to come up to the 
newspaper statements it is decidedly interesting 
from other points of view. It was made by Mr. 
E. E. Brownell, B.E.E., who states that “as a 
prelude and to. properly introduce the subject of 
electrolytic deterioration of subsurface metallic 
structures as thoroughly as the merits of the 
case should warrant, it is deemed necessary to 
qualify and establish the true practical theory 
before submitting any conditions.” The author 
then proceeds to wrap up most of what he has 
to say in poorly associated selections from the 
‘unabridged dictionary. “The zenith of a man’s 
glory is attained,’ he asserts, “when he has mas- 
tered and reached the highest state of the art 
in whatever scientific field that he may be de- 
veloping or establishing the laws which govern 
it.” This sounds as imposing as a Fourth of 
July oration on Bingville Common, but just what 
relation it bears to electrolysis in Pittsburg is 
not evident. Nor is it clear what reason exists 
for informing the Pittsburg Department of Pub- 
lic Works, in a technical report, that “no engineer 


THE ENGINEERING RECORD. 


who has the proper conception of true engineer- 
ing principles will ever deviate from or for- 
sake the facts of the case in order that his client 
may triumph over an ill-gotten victory.” These 
quotations indicate the diffuse looseness of lan- 
guage characterizing the report, and indicate how 
the Associated Press may have been deluded into 
the belief that there was something important in 
the document. 

There are places in the report which indicate 
that the author is writing a book rather than 
a report to a municipal officer; the following 
sentence is an example: “After persistent solici- 
tations on the part of many of my clients, I 
have yielded to their requests, and shall endeavor 
to embody in this volume my years of experience 
in a general summary.’ Spurred on by these 
persistent solicitations of his clients, of whom a 
partial list is given in another part of the report, 
the author delves deep into the theory of the 
subject and brings to light new discoveries whose 


strangeness is equalled only by the strangeness. 


of the language describing them. “AII kinds of 
soil and earth formations,’ he says, “withhold 
the different electrolytes in mechanical suspense, 
the water or moisture in the soil retaining them 
in chemical solution to a more or less degree.” 
Such examples could be repeated from almost 
every page, but it is unnecessary to do so, for 
the character of the definite results of the Pitts- 
burg investigation can be readily made clear 
in another way. These results are stated as fol- 
lows: “The sum of the current leaving the sur- 
face of the distributing water lines was found 
ta be a total of 4,040 amperes, which amount of 
current, according to the law of electro-chemical 
equivalents, means that the electrolytic deprecia- 
tion upon the water system is about 80,800 Ib. 
of iron per year.” This precise statement is based 
on measurements of “the difference in electrical 
pressure and the standard earth resistance be- 
tween the pipes and the rails,” and then calculat- 
ing by Ohm’s law the current flowing through 
the earth between the pipes and the rails. An 
ampere-year is assumed to remove 20 lb. of iron 
from a pipe negative to the rail. This estimate 
depends for its validity on the reliability of the 
figures of the resistance between the pipes and 
rails, and unfortunately very little reliance can 
be placed in them. Earth measurement was made 
by extending a lead from a micro-ohmmeter to 
the rail and another to a good contact as near the 
main as possible. This method is too uncertain 
to be worth much. The resistance measured in 
this way may be affected by the passage of a 
sprinkling cart some distance away, by leakage 
from sewers and water pipes in the vicinity and 
by other causes which render the numerical result 
a matter of chance. Consequently, the state- 
ment that 80,800 lb. of iron are being taken an- 
nually from the water mains of Pittsburg is as 
unreliable as a similar statement made in St. 
Louis some months ago and completely disproved 
there. 

Electrolysis is a very serious subject in many 
cities, and Mr. Brownell does well to “earnestly 
suggest that the earliest possible co-operative 
measures be adopted” by the railway officials and 
the owners of underground metallic structures. 
Such a plan is followed in Detroit and other 
cities with satisfactory results. But to burden 
a report on the*subject with a mass of inaccurate 
generalities and to base very precise statements 
of injury to pipes on roughly approximate data 
is to afford the railway companies an opportunity 
for legitimate ridicule of the technical brief 
against them. Where ite1ndes 0} Aressooou st 
the co-operation of such conflicting interests 
as street railway companies, water departments, 
and gas and telephone companies, the prepara- 
tion of reports is a matter calling for tact as 
well as technical knowledge of electrical con- 
ditions. ’ 
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The Failure of the Charing Cross Station 
Roof. 
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One of the most instructive accidents to engi- 
neering structures that have happened lately was 
the collapse on Dec. 5 of the wind screen and 
a truss of the Charing Cross trainshed in London. 
This famous structure, built in 1860 from the 
designs of the late Sir John Hawkshaw, is doubt- 
less well known to many of the readers of this 
journal, for it was long considered a model for 
such buildings. The roof was carried by four- 
teen trusses and a wind screen, with a clear span 
of 106 ft. The trusses were 35 ft. apart on 
centers, and connected by sixteen purlins. Each 
truss was essentially a plate-girder arch rib stif- 
fened by light bracing, so that the elevation of 
the truss was crescent-shaped. The rib had a 
rise of 45 ft. at the center. It was built of an 
18-in. web plate % in. thick and four 6x3x%-in. 
flange angles, with their long legs outstanding. 
At one end, the foot of the rib was connected 
to a stone cap on top of a pier forming part of 
the wall of the shed. At the other end there 
was an expansion joint of the rocker type, the 
end of the rib being hung by a link from a fixed 
casting on top of the wall pier. 

The bracing of the truss consisted of eight 
vertical struts, each consisting of two 6x3x%4-in. 
T bars, bolted together, and cross-bracing of 
4x¥4-in. flats. These members were riveted at 
the top to the main rib by means of gusset plates, 
and at the bottom they were riveted to threaded 
couplings, into which were screwed the rods form- 
ing the tie or lower chord of the truss. Each 
tie rod was made up of nine lengths, from 4% 
to 434 in. in diameter originally. According to 
a statement of the platform inspector at the 
station, the first indication of trouble on the day 
of the accident was the sudden breaking of the 
tie rod of the first truss, next the wind screen, 
at a point about one-third of the span from one 
of the walls. The roof gradually sunk at this 
place and insabout fifteen minutes fell away from 
the wind screen, which fell in less than a minute 
afterward. In the collapse one of the walls was 
pushed outward so as to fall on an adjacent 
building, wrecking it thoroughly. 

The trusses were constructed of wrought iron, 
and it seems not unlikely that the failure of the 
tie bar was due to a defective weld in it. At 
the time the roof was built it was impracticable 
to produce bars of this diameter and some 20 
ft. length, in a single piece. .This is shown by 
some statements made by Sir Henry Bessemer 
in 1856, only four years before the construction of 
the trainshed. “It is true that hitherto no bet- 
ter method has been known than the puddling 
process, in which from 4 to 5 cwt. of iron is all 
that can be operated on at a time, and even 
this small quantity is divided into homceopathic 
doses of some 70 to 80 lb., each of which is 
moulded and fashioned by human labor, carefully 
watched and tended in the furnace, and removed 
therefrom, one at a time, to be carefully manipu- 
lated and squeezed into ‘form.’ The tie bars 
of this roof must have weighed about 1,000 tons 
apiece, and it is evident that they could result 
only from welding together a number of short 
sections. That process, in bars over 4 in. in 
diameter, was a trying task, even to the best 
workmen. 

It is accordingly of deep interest to know what 
was the condition of the ends of the fractured 
bar. They have been examined by a contributor 
to “The Builder,” from whose valuable report the 
following statement is:taken verbatim: “In the 
area of 15.9 sq. in. [of the broken bar] there are 
three portions with a lustrous fracture. Two of 
these are disposed symmetrically on either side 
of the vertical axis, the base of the segment in 
each case being at an angle of about 4o deg. with 
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* the same axis, and extending from the top to a 
- little below the center. 


The third portion indi- 
cating recent rupture is of smaller area, and the 
base of this segment is perpendicular to the 
vertical axis, the distance from the chord to the 
circumference of the circle being about one- 
sixth of the diameter. The collective area of 
the three portions of the section representing 
sound metal is barely 6 sq. in. Inside these 
three areas there is a portion roughly of tri- 
angular form, the surface of the metal being 
corroded, and having very much the appearance 
of a defective weld, and in the middle of the 
triangle is a darker area, where the metal is not 
only seriously corroded, but presents small cavities. 


_ Viewed from the side the broken end of the bar 


has a uniform inclination of about 45 deg., re- 
sembling that of a scarf weld.” 

While an accident of this character is not to be 
expected in the tie rods of to-day, made without 
welds, the same contributor to “The Builder” 
makes some statements concerning the condition 
of the ironwork as a whole that are deserving 
of careful consideration. The corrosion that 
had taken place on the metal had greatly im- 
paired its strength. The rod that broke showed 
pitting and scaling.a quarter of an inch deep in 
places. The web of the main rib of the truss, 
originally half an inch thick, had little more 
than three-sixteenths of an inch of sound metal 
left, and several holes had been punched clean 
through it in the wreckage. The paint could 
be torn from the fallen members in long strips 
and_in many places showed rust on the side 
next to the iron. This is a condition that de- 
serves the attention of all engineers who have 
charge of old structures exposed to moist and 
smoky air. The failure of the roof was not due 
to any defect in the design, although its details 
would be changed if it were to be rebuilt, but 
rather to defects in workmanship which have 
become a thing of the past owing to the introduc- 
tion of steel. The interest in the accident lies 
in the fact that the tie rod held together so long 
as it did under the corroding influences which 
destroyed more than half of the web of the main 
rib. The lesson of the collapse is manifestly the 
necessity of protecting such structures from rust. 


Heavy Electric Traction. 


For some time the electrical and street railway 
journals have received a large amount of in- 
structive reading matter from engineers inter- 
ested in heavy electric traction. It has rarely 
happened that the relative merits of different sys- 
tems of traction were so vigorously presented in 
the technical press as of late. The first gun in 
the public controversy was fired by one of the 
members of the Electric Traction Commission 
of the New York Central lines, who assailed the 
decision of the New York, New Haven & Hart- 
ford R. R. to operate its trains into the Grand 
Central Station in New York by alternating- 
current locomotives. The New York Central elec- 
trical equipment was designed for direct-current 
operation, and this critic claimed that the tise of 
alternating equipment was undesirable for sev- 
eral reasons. In the first place, the upper floor 
of the new station is intended exclusively for 
express trains hauled by electric locomotives, and 
not for suburban trains. The plans of the New 
Haven company are assumed to contemplate run- 
ning its suburban trains into this part of the sta- 
tion, for, it is asserted, locomotive-hauled trains 
cannot be handled on the sharp curves of the 
lower floor, which is intended by the Central’s 
engineers for multiple-unit suburban trains. 
There were also claims made in this initial cor- 
respondence that the power service over the 
Central’s lines would be complicated unduly by 
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the use of alternating-current apparatus by the 
New Haven road.. While the Central officials 
did not make any public statement concerning 
the matter, it was evident that the determination 
of the New Haven company to use alternating- 
current motors was not at all acceptable to them, 
and probably the public utterances of the member 
of their technical committee reflected in a large 
measure their own opinions. 

The matter drifted along for a time without 
any important comment in print, the few state- 

ents by the officials of the New Haven road 
being characterized by failure to convey any in- 
formation of actual importance concerning the 
reasons for their decision. Meanwhile, however, 
Mr. George Westinghouse circulated privately 
copies of correspondence he had conducted with 
the New York Central authorities regarding the 
merits of alternating-current motors for heavy 
electric traction. These letters were finally pub- 
lished in the “Street Railway Journal,” and have 
produced so much controversy in the columns of 
that paper that the average railway officer, in- 
trusted with the duty of selecting equipment to 
replace locomotives on any portion of his lines, 
must wonder whether it is not good policy to 
stick to steam for a time, until the situation clears 
up. As the correspondence grew in volume oth- 
ers were drawn into it who had no part in the 
original epistolary combat, and even the General 
Electric Co., which never talks for publication 
concerning subjects of serious controversy, has 
been compelled to break its rule and make the 
following statement: “The General Electric Co. 
is in the business of manufacturing electric ap- 
paratus, and is prepared to furnish alternating 
or direct-current systems as may be suitable. 
It has perfected what it believes to be the best 
alternating-current railway system in the world, 
and wherever the circumstances make the use 
of such a system desirable, it recommends its 
adoption in preference to the direct system. The 
company does not, however, endeavor to force 
either system on the customer irrespective of the 
best engineering practice with reference to the 
special conditions under which the system is to 
be operated.” 

This letter puts the situation in a nutshell. 
The General Electric Co. designed the type of 
apparatus adopted by the Central authorities for 
their New York terminal, while the Westing- 
house Co. designed the different type for the 
New Haven people for much the same class of 
service. One of the members of the Technical 
Commission of the Central road apparently fears 
that any difference from the decision of that 


commission is a reflection on the professional ~ 


ability of its members. As a matter of fact, the 
choice between direct and alternating-current 
equipment hangs on matters of such slight im- 
portance in many cases that personal preference 
is a perfectly sound ground for reaching a de- 
cision. In other cases the alternating-current 
equipment is manifestly best, and in still others 
the direct-current equipment. At the present stage 
of the art there is not much definitely known on 
the subject except what is carefully treasured by 
the great rival manufacturing companies. One 
of them leans toward direct current and the other 
toward alternating current. Probably both are 
entirely justified in holding these preferences by 
the facts known to them. It is certain, however. 
that in a little while, when railways of both 
types are in operation, that the public at large 
will have abundant opportunity to ascertain more 
about the apparatus than either company knows 
at the present time, for no matter how good a 
guide theory may be, the test of practical opera- 
tion is the only safe reliance of the railway 
officer. 

The New York Central authorities have shown 
a degree of caution and ability in reaching their 
decision to employ direct-current apparatus that 
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merits the highest approval by the public. The 
New Haven people have preferred to accept the 
guaranty of one of the most successful engi- 
neers and manufacturers in the world, who has 
about him a technical staff of great ability; this 
gentleman is willing to supply all kinds of bonds 
that his equipment will be satisfactory. It must 
be said, however, that the action of the New 
Haven road in departing from the plans of the 
Central road in operating trains into and from 
the new terminal, provided any such departure 
is really contemplated, is not at all conducive to 
harmony and mutual assistance, which are par- 
ticularly desirable in railway circles now. So far 
as the selection of the different equipment is con- 
cerned, however, it is difficult to see the reason 
for all the fireworks that have been shot off. 
From a public point of view it is a very desirable 
thing to have two great companies striving to in- 
troduce different kinds of apparatus; it is by such 
competition that progress is attained. There 
will always be differences of opinion concerning 
the value of electrical equipment, just as there 
are about horses. The fact that these differences 
are just now over very important apparatus makes 
it unfortunate that the real points to be consid- 
ered are befuddled by a lot of side issues, which 
only concern the accuracy of judgment of a single 
individual on a single problem. 


Notes and Comments. 

IMPROVEMENTS IN THREAD ROLLING MACHINERY 
have been incorporated in a machine which has 
been perfected by a leading machine tool build- 
er. A radical departure from former methods is 
the use of circular dies for the rolling process 
instead of reciprocating flat dies. One of the 
dies is a massive semi-circular stationary block, 
inside of which a small circular die revolves. The 
constrtiction of the machine is such that the tre- 
mendously heavy rolling pressures are possible. 
without affecting the necessarily delicate adjust- 
ments of alignment of the thread contours upon 
the die blocks. The great advantage of rolled 
threads on bolts of all sizes over the usual pro- 
cess of cutting, due to retaining the skin metal 
of the bolt body, has been amply proved, espe- 
cially for places where corrosion is encountered 
as in boiler staybolts. 


A Hazarp to Lire which results from the 
growth of large cities and has attracted but little 
attention is the insecure character of temporary 
structures. Street spectacles in large cities often 
attract great numbers of people who require to be 
accommodated with seats or standing room on 
temporary structures used but once and hence 
cheaply constructed. A carpenter is, therefore, 
generally intrusted with the entire job and with- 
out competent supervision. The structure of light 
timber scantling with slight bracing is considered 
fit for surging crowds frequently moving quickly 
from one part to another. Such duties are the 
most severe and trying to which any structure 
can be subjected, and the natural result of in- 
adequate provision for them is disaster. The 
safety of hundreds of lives depends upon the 
proper design of these street stands or platforms, 
and as it is an extremely simple matter to make 
them safe there is no reason whatever why they 
should not be so. It is absolutely necessary, 
however, that they should be constructed under 
competent engineering supervision. If a muni- 
cipal corporation does not afford an officer quali- 
fied for such a supervision the service of a com- 
petent consulting engineer should be engaged to 
insure the safe design and construction of the 
work. The fact that these structures are tem- 
porary does not in itself diminish the hazard to 
the people who intrust themselves to them, but 
indirectly increases it enormously. 
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View of Factory Building during Erection. 


THE REINFORCED CONCRETE FACTORIES FOR THE 


BUSH 


TERMINAL. 


The Bush Terminal is a large receiving, stor- 
age and shipping plant on the shore of New 
York Bay, in the southern part of the borough 
of Brooklyn. The company owns about 160 acres 
of land with about 3,500 ft. of water front and 
about 25,000 lin. ft. of bulkhead and pier front; 
occupying nearly all of the area between Second 
and Third Avenues and 28th and 37th Sts., and 
the area between Second Ave. and the water 
front and from 3oth St. to 52d St. On these 
sites there are already built and in service five piers 
and pier sheds each 1,300 ft. long and 150 ft. 
wide with docks 270 ft. wide and 4o ft. deep 
between them, which enable the largest steamers 
to lie side by side in the dock and be loaded 
or unloaded while leaving room for other ships 
to pass in or out of the dock between them. An- 
other duplicate pier is now under construction 
and a seventh pier is proposed. The piers are 
of pile construction with solid earth filling and 
their sheds are of steel as described in The En- 
gineering Record of Oct. 28, 1905. They are 
well equipped with hoisting and transporting 
facilities, electric light and automatic fire ser- 
vice. 

Adjacent to the piers there are twenty-four 
50x150-ft. eight-story warehouses, twelve of 
which are of mill construction with thick plank 
roofs, and twelve of open joist construction 
with I-in. pine roof boards. Eight more are now 
being built of mill construction and thirteen of 
reinforced concrete construction. There is also 
a large group of isolated one-story brick build- 
ings exclusively for the storage of cotton and other 
fibre and additions to both classes of buildings are 
planned and constructed as needed. The land 
and improvements for this enterprise have an esti- 
mated value of about $10,000,000 of which about 
$7,500,000 have been expended since construction 
was commenced in 1902. The buildings and piers 
are connected by a complete system of about 20 
miles of standard gauge R. R. tracks for freight 
and passenger service, and are equipped with 
numerous large freight elevators, electric port- 
able hoisting apparatus, electric lights, water and 
automatic fire protection. These advantages 
greatly reduce the cost of handling, storing and 
distributing freight, and provision is made for 
the trans-shipping, forwarding and storage of all 
kinds of merchandise by the Terminal Company 
without farther attention by their customers who 
simply receive and deliver it at their own ware- 
houses. These facilities have attracted a number 
of important steamship lines which have rented 
the piers and the terminal has handled about 
400,000 tons of merchandise during the year 1905. 


In connection with this warehouse and shipping 
business the Terminal Company has planned a 
system of factories which they intend to build 
and own and rent for manufacturing purposes. 
These will have all the advantages of the ter- 
minal facilities and the Terminal Company will 
receive and deliver their goods without trouble 
for their tenants. It is planned to erect 18 large 
fireproof factories on a portion of the Terminal 
Company’s land. Very careful studies were made 
of the most desirable types of construction and 
that of reinforced concrete with special details 
for floors and columns was adopted. The plans 
for the first factory were completed in 1904. The 
construction for the first building was commenced 
in December of that year, and the concrete por- 


“tion of it was completed in December, 1905. 


The general system has been developed by Mr. 
Irving T. Bush, president of the Bush Terminal 
Co., and constructed under the direction of E. 
P. Goodrich, chief engineer. Mr. R. T. Tucker 
is consulting engineer for the factory, and Mr. 
William Higginson, consulting architect. The 
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exterior elevations were designed by Kirby, Petit 
& Green, architects, and the reinforced concrete 
details have been worked out and their construc- 
tion supervised under direction of the chief en- 
gineer, by Bertine & Son. 

The building is 600 ft. long, 75 ft. wide and 113 
ft. high from cellar floor to top of parapet. It 
has six stories and a basement and contains 
about 12,000 cubic yd. of concrete and 2,000,000 |b. 
of steel and will cost with its equipment about 
$450,000. The site is about 500 ft. from the shore 
line at a level about 5 ft. above high water. The 
soil was all made ground, and was excavated to 
a depth of about 8 ft. over the entire area. The 
foundations are all made with piles, of which 
there were about 3,000 driven to a depth of about 
18 ft. and calculated to sustain loads of 40,000 
lb. each. The earth was excavated 3 ft. below 
ground water level and about 1 ft. below the tops 
of the piles and the concrete footings were 
built in the sheeted pits enclosing the pile tops. 
The piles are located about 3 ft. apart in two 
rows 32 in. apart under each of the main side 
walls. At the ends of the building the side walls 
are heavier and the footings have three rows of 
piles. At the center of the building there is a 
special foundation platform ‘which covers the en- 
tire width of the building for a distance of about 
42 ft. and is supported on fourteen transverse 
rows of piles. The columns have separate rectan- 
gular footings each of them supported on 18 
piles. 

A large portion of the exterior walls of the 
building is glazed so that the. concrete piers 
between the vertical rows of windows virtually 
become rectangular wall columns 16% ft. apart 
on centers. These columns are in transverse 
rows each having 3 interior columns. They are 
also arranged in three longitudinal rows, one row 
on the center line of the building and one row 17 
ft, 8 in. each side of it, thus leaving an out- 
side space of 20 ft. between the last row of 
columns and the exterior of the wall piers. At 
each end of the building there is a special ar- 
rangement of a few more columns, making a 
total of 114 interior columns, 

The columns are connected longitudinally by 
massive reinforced concrete girders which divide 
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the floor space into two center longitudinal panels 
17 ft. 8 ins. wide on centers and two outside 
longitudinal panels each about 18 ft. wide in the 
clear. The panels extend from end to end of 
the main part of the building, a distance of 500 
ft. exclusive of the somewhat narrower exten- 
sions it has at the ends of the building where 
there is a different arrangement of columns and 
girders. 

In the main portion of the building the floors 
in these longitudinal panels are carried entirely 
by the longitudinal girders without any transverse 
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cent panels, and vice versa. The floors weigh 
about 95 lb. per square ft. and are proportioned 
for a live load of 800 lb. per square ft. The 
girders are of solid rectangular cross section 
and are reinforced with round bars wired to- 
gether to make trusses of the Bertine system. 
The flat roof is proportioned for a uniform load 
of 50 Ib. per square ft. and consists of a slab 
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have a course of concrete 27% in. thick, 11 ft. 
wide and 12 ft. 4 in. long which extends to a 
depth of 12 in, below the tops of the 18 founda- 
tion piles. It is reinforced by a single layer of 
I in. rods 24 in. apart near the upper surface. 
On it is built a second course of concrete acting 
as an extended base to distribute the column 
load equally over the entire footing. It is 39% 
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beams or girders. The regular floor slabs are 
of special construction designed to economically 
span the panel widths. They have, as shown 
in the details, a continuous smooth horizontal up- 
per surface 4% in. thick, strengthened by trans- 
verse ribs 9 in. deep and 22 in. apart on centers 
which give the ceilings a corrugated or trough 
like appearance. These corrugations are stag- 
gered in adjacent panels so that a cross section 
through the center of a corrugation in one panel 
cuts through the center of the rib in the adja- 
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of reinforced concrete 3% in. thick supported on 
the reinforced concrete longitudinal girders and 
on similar transverse girders at columns and in- 
termediately. The interior columns are solid 
concrete cylinders fireproofed by annular con- 
crete shells. The exterior walls are of. brick 
work supported at each story by reinforcetl con- 
crete girders which with the interior girders are 
made integral with the floor slabs and bonded 
to them with reinforced bars. 

The footings for the main interior columns 


in. deep in the center and 12 in. deep on both 
edges, and is reinforced by 8 transverse sets of 
I in, steel bars fastened together with vertical 
members to make the reinforcement trusses char- 
acteristic of this system. There are also 1 in. 
transverse horizontal bars 634 in. apart close to 
the lower surface of the concrete as shown in 
the detail of a typical column footing. In the 
center of the footing four vertical bars 1 in. in 
diameter and 4% ft. in length are bedded in the 
footing and extend 27 in, above its upper surface 
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was filled soil and the pits required sheeting and 
pumping, 

The main interior columns have a diameter of 
33 in. in the basement which decreases in the 
successive upper stories to 30%, 29, 2014, 23%, 19 
and 12 in. over all. They are-cast in sectional 
moulds made so as to form a permanent outer 
shell for the column, and also provide effectual 
fireproofing and spiral hooped reinforcement. 
The shells or moulds are 1% in. thick made with 
a single sheet of expanded metal fastened to- 
gether to form a cylindrical surface enclosing a 
helix of steel wire from 3/16 to 5/16 in. in 
diameter at a pitch of 2 to 3% in. This frame- 
work is covered with cinder concrete and the 
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bottom reinforcement bars 
and short top bars over points of support. There 
are no longitudinal floor joints, each day’s work 
completing a strip the full width of the building. 

The regular longitudinal girders are 10 in. 
wide and 30!%4 in. deep to the top of the floor 
slab. They are made with two I-in. and two 
I 1/16-in. round reinforcement rods horizontal in 
the lower edge of the beam at the middle part 
and bent up at an angle to the top of the girder 
at both ends. There are also two 1 1/16-in. hori- 
zontal straight rods extending through the lower 
edge of the girder from end to end. These rods 
are arranged in two sets of three each, in ver- 
tical planes each side of the beam and are con- 
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to form dowels connecting a column to the foot- 
ing. 

Special footings for the columns at the ends 
of the building are similar to those above de- 
scribed but have smaller dimensions and lighter 
materials. The regular wall piers are seated 
on long and narrow footings similar to those 
of the interior columns but proportioned to dis- 
tribute the loads over all the foundation piles 
in the double row between the center of the 
pier and the centers of the adjacent panels. In 
this case the upper course of the footing is a 
massive reinforced rectangular concrete girder 
of uniform depth throughout, the beveled edges 
being here omitted. The excavation for the cel- 
lar and for the foundation pits comprised about 
2,000 cttbic yd. Most of the material removed 


successive sections are fitted together in place 
and filled with the stone concrete making the 
final column proportioned for the ultimate 
strength of 2,500 lb. per square in., exclusive of 
the sectional area of the shell which is not cal- 
culated to do any work. 

The stories are from about 9 to 15 ft. in 
beight from floor to floor and the columns are 
of corresponding length cast in place and doweled 
to the surface of the basement floor. The upper 
parts of the columns are made in special moulds 
designed so that the concrete in the columns, 
floor. slabs and floor girders constitutes an in- 
tegral mass. The floor slabs in the main part 
of the building have throughout a uniform thick- 
ness of 4%4 in. minimum and 13% in. maximum 
and are made with a solid cortinuous mass of 


Part Longitudinal Section. 


nected by 37 vertical transverse stirrups made 
of 5/16-in. rods rigidly wired to them and spaced 
at variable distances determinec in accordance 
with the maximum stresses. The vertical and 
horizontal rods are securely wired together so 
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as to forma rigid truss-like skeleton that is placed 
complete in the beam.mould and has sufficient 
strength to maintain its shape while being han- 
dled and while the concrete is placed around it, 
thus insuring its accurate location in the finished 
girders, a feature which is considered of special 
importance in this system of ‘construction. 

In the center of the building, where only a 
200-lb. live load is provided for, the floors are 
not of the corrugated type but are made with 
solid slabs of uniform thickness supported on 
both longitudinal and transverse girders similar 
to the one described. The slabs are 4 and § in. 
thick and are nearly square with maximum spans 
of about 14 ft. The reinforcement consists, of 
¥Y-in. round longitudinal and transverse bars 
about 6 or 7 in. apart in each direction. The 
regular girders for the side walls have an L- 
shape cross section and are reinforced by 6 main 
rods from % to % in. in diameter as indicated in 
the detail sections. The lateral extension of the 
girder is reinforced by horizontal transverse bars 
and supports the window sills and a belt course 
on the exterior of the wall. 

All concrete except for the foundations, where 
Giant Portland cement is used, is made 1:2:4 
with Atlas Portland cement and washed gravel 
or broken stone which will pass through 3/-in. 
mesh and will be rejected by a %4-in. mesh. In 
the columns 1%4-in. broken stone is added to the 
gravel and the cinder concrete in the shell is 
made 1:3:6. The quality of the cement is main- 
tained equal to the standard specifications by mill 
inspection and by frequent tests. Test cubes 
4X4 in, are made from the concrete every third 
day and give high ultimate compressive strength 
,when 28 days old. The concrete was mixed wet 
in Ransome machines and each floor was allowed 
to set at least 6 days before the supports for it 
were removed. The whole of the building is 
already under lease to tenants taking from 8,o00 
to several hundred thousand square ft. each of 
floor surface. The character of the finished con- 
struction is such that some of the tenants rely 
solely on it and on the automatic sprinkler service 
for fire protection and do not carry fire insurance. 
The strength and rigidity are such that one ten- 
ant will install seven drop hammers on the fifth 
floor, another will have concentrated loads of 
over 1,000 lb. per square ft. on large areas of the 
fourth floor end another will have two-story tanks 
resting on the first floof without extra basement 
supports. 

The Turner Construction Co. supplied the 
labor and superintendence for the concrete work 
and Mr. De F. H. Dixon, the secretary of that 
company, superintended the execution of the 
work. Steel was purchased chiefly from the 
Carnegie Steel Co., Giant cement was purchased 
from the United Building Material Co., gravel 
and Cowbay sand from the Phcenix Towing Co. 
Mr. Chas. Hart was the contractor for excava- 
tion. Mr. J. D. Walsh was the contractor for 
the pile driving, and Messrs. Ficklin & Stobaugh 
were the contractors for the footings and cellar 
floor. The Raab Iron Works was the contractor 
for bending and wiring the reinforcement rods 
for the beams and girders. Atlas cement tests 
were made at the site by a representative of 
the Pittsburg Testing Laboratory, which also 
tested the Giant cement at the mills. All ma- 
terials were purchased by the Bush Terminal Co. 


A Four-Cyitnper SimpLe Locomotive is an in- 
novation which is being tried on the London & 


_ Southwestern Ry. in England. The arrangement 


of cylinders conforms with that of the De Glehn 
compound, two being outside-connected to the 
middle pair of driving wheels and the other two 
inside connected to a cranked axle of the for- 
ward pair of drivers. 
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Reinforced-Concrete Water Tower at 
Bordentown, N. J. 


The water works system of Bordentown, N. 
J., which was formerly owned by a private com- 
pany, that supplied water from the Delaware 
River, has recently been purchased and complete- 
ly remodeled by the city. The river has been 
abandoned as a source of supply and a pumping 
station erected in connection with a system of 
infiltration collector pipes, 3 miles inland, on 
the bank of a small tidal stream, an arm of the 
Delaware River. Pumps in this station elevate 
the water supplied by the collectors through a 
10-in, riser main, 3.3 miles long, to a 200,000-gal. 
steel tank on a reinforced-concrete tower on a 
hill above the town. The distribution system 
is under direct pressure from this tank, the aver- 
age pressure in the town being 60 lb. 


The Bordentown Tower, 


The infiltration collectors are built along the 
base of a bluff composed of sand and gravel and 
underlaid by a stratum of clay. This stratum 
of clay rises on a slight slope as it leaves the 
creek valley and comes to the surface several 
miles inland. The water from the overlying 
gravels flows into the creek through a number 
of springs, and the ground in the vicinity of the 
station is completely saturated. The infiltration 
collectors connect with a concrete suction well 
for the pumps in the station building, They 
consist of vitrified sewer pipe, laid with open 
joints in trenches partially filled with various 
sizes of screened gravel and then covered with 
clay puddle. A t2-in. main collector extends 
along the base of the hill each way from the 
pumping station, the total length of the two 
branches being 1,2co ft. One of these main 
collectors has an 8-in. lateral branch, 250 ft. 
long, laid up the valley of a small brook which 
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heads in the hill. The other has three 8-in. 
lateral branches, with a total length of 800 ft, 
which tap springs in the hillside. An 8-in. col- 
lector, 400 ft, long is also laid up a ravine adja- 
cent to the station and connects directly with the 
suction well. Where the collectors come in con- 
tact with clay their pipes are laid with cement 
joints to prevent the entrance of muddy water. 
The supply afforded by the collectors is ample, 
and could be greatly increased by extending them. 
A 6-in. well, 125 ft. deep, has been sunk in the 
bottom of the suction well, however, to insure 
a supply if for any reason the water from the 
collectors is shut off. This well penetrated the 
thick stratum of clay under the gravel and en- 
tered a second stratum of water-bearing gravel 
in which the water is under considerable pres- 
psure. 

The concrete suction well is 30 ft. in diameter 
and 34.5 ft. deep. It has 20-in. walls and a floor 
of concrete, 4 ft. thick. Owing to the saturation 
of the ground much difficulty was experienced in 
its construction. The original plan was to build 
it with an open bottom and to allow the ground 
water to enter. Much of the layer of clay under- 
lying the upper water-bearing stratum had to be 
excavated to construct it, however, and as it 
was considered dangerous to risk the liability of 
the water from the second water-bearing stratum 
breaking through and undermining the walls, the 
concrete bottom was laid. 

The pumping station is a 26.5x53.5-ft., one- 
story brick building. It is divided in an 18x26.5- 
ft. pump room and a 24x32-ft. boiler room. The 
floor of the pump room is depressed to ft. to 
form a pit in which the pumps are placed. Ow- 
ing to the ground water reaching nearly to the 
top of this pit during floods it was built of 
concrete and its sides and bottom heavily rein- 
forced. A vertical compound, duplex, Worth- 
ington pump and a horizontal compound, duplex, 
Deane pump elevate the water from the suction 
well against a head of 200 ft. to the steel tank 
on the reinforced-concrete tower. Steam is sup- 
plied by two horizontal return tubular boilers in 
the boiler room. A radial brick stack, 75 ft. 
high, furnishes draft for the boiler furnaces. 

The details of the plans for the reinforced- 
concrete tower on which the steel tank stands 
were described in The Engineering Record, Oct. 
I, 1904. These plans have been generally fol- 
lowed as outlined at that time, but a number of 
important details have been changed. The ‘tower 
is 100 ft. high from the top of its footing course 
to the floor on which the tank stands. It is 
formed by 8 vertical columns spaced equally 
around the circumference of a 26.5-ft. circle, and 
a hollow concrete cylinder, 8 ft. in diameter, 
built concentric with the circle on which the col- 
umns are spaced, and joined to them by the floors 
of three balconies. These balconies are 33 ft. 
4 in. apart, and divided the tower in three sec- 
tions, although the concrete in the columns, cyl- 
inder and floors was laid monolithic from the 
footing to the top of the tower. 

The concrete footing on which the tank rests 
is a 16-sided polygon in plan. It is 6 ft, thick, 
38 ft. in diameter at the bottom and 32 ft. in 
diameter at the top. The columns are 3.5 ft. 
square up to the first balcony, 3 ft. square from 
the first to the second and 2.5 ft. square from 
the second to the top balcony. The inner side 
of each column is in the same vertical plane from 
the bottom to the top, the reduction in size being 
made by stepping the other three sides at the 
balconies. Each column is reinforced by 4 plain 
round rods, one near each corner. These rods 
vary from 13% in, in diameter between the sec- 
ond and top balconies to 17% in. in diameter be- 
tween the footing and the first balcony. Hori- 
zontal tie rods, %4 in. in diameter, are placed 
on I2-in. centers around the vertical rods. The 
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latter were provided chiefly to take compression 
and are imbedded 12 in. in the concrete footing. 
Their bottoms rest on special cast-iron bases, 12 
in. in diameter, the details of which are shown 
in an accompanying illustration. The bottom 
of each rod is in a 2-in. pipe sleeve, 1.5 ft. long, 
which also rests on the cast-iron base. The cen- 
tral cylinder is provided to reduce the load on 
the columns and the span of the floor system at 
the same time giving additional resistance to 
the flexure in the structure due to wind pres- 
sure. It has also been made to serve as a pro- 
tection to the supply and overflow pipes for the 
elevated tank. It has 18-in. walls up to the first 
balcony, 15-in. walls between the first and sec- 
ond balconies and 12-in. walls from the latter 
to the top. It is reinforced with 1-in. vertical 
rods to the first balcony and with 7-in. rods 
from there to the top. Horizontal %-in. tie rods 
are placed on 12-in. centers around the vertical 
rods. The supply and overflow pipes for the 
tank are both 10-in. wrought-iron. They are 
supported by flanges in the bottom of the tank 
and by a special support at the first and second 
balconies. Each of these .supports consists of 
two g-in., 15-lb. channels with their ends em- 
bedded in the concrete of the central cylinder. 
One channel is placed on each side of the pipes 
and the latter are hung from them by hangers 
which allow for expansion and contraction. 

The details of the columns, central cylinder and 
floor at the first balcony are shown in one of 
the accompanying illustrations. The floor is re- 
inforced, with !4-in. Johnson bars, radiating’ from 
the center, and is built monolithic with the cen- 
tral cylinder and the columns. It is also carried 
at the outer edge by 2x3.5-ft. beams extending 
from column to column. A concrete railing, 6 
in. thick and 3 ft. high, surrounds the balcony. 
The general arrangement and the details of the 
second balcony floor are practically the same as 
those of the first. The floor of the third balcony 
carries the tank, and is 36.5 ft. in diameter and 
16 in. thick. The radial reinforcing rods in it 
are I in. It cantilevers 4.5 ft. over the columns 
and the beams between them, and its section in 
this cantilever is proportioned to the moment. 
A 4-ft. balustrade is placed around this balcony. 
A reinforced-concrete spiral stairway extends 
from the footing to the top of the tower, be- 
tween the central cylinder and the columns, and 
is carried by the footing and the floors of the 
balconies. The reinforced-concrete stairway was 
built at about one-third the cost of an iron stair- 
way and little difficulty was experienced in erect- 
ing it. 

The 200,000-gal. steel tank on top of the tower 
is 30 ft. in diameter and 4o ft. high. It is built 
of standard boiler plate steel in 5-ft. sections. A 
flat roof of 7%-in. sheeting is provided to pro- 
tect the water from sunlight and flying débris. 
This roof is supported around the edge on the 
periphery of the tank and at the center on the 
10-in. wrought-iron overflow pipe. — 

The improved appearance of the reinforced- 
concrete tower as compared with an ordinary steel 
tower was given more consideration in selecting 
the former than the difference in cost between the 
two types of construction. Proposals were in- 
vited, however, for both types and out of 11 bids 
offered, one was the same for both, four favored 
in price the concrete tower dnd in the other 
six the price for the steel tower was lower. The 
contract price for the reinforced-concrete tower 
was $10,500, complete. 

The original intention was to employ broken 
stone for ballast in the concrete. A good quality 
of gravel was obtainable, however, and was used 
instead. The concrete for the footing was mixed 
in the proportions of 1 part of cement, 3 of 
sand and 5 of gravel; that in the tower in the 
proportions of 1 of cement, 2 of sand and 4 of 
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gravel. Alpha Portland cement was used 
throughout. The general design of the tower 
was made so the forming for the concrete would 
be as simple as possible, as well as to produce 
a pleasing effect. The nature of the structure 
required specially well-built forms, nevertheless, 
and a number of intricate construction details, 
such as the spiral. stairway, were unavoidably 
included, Several methods of building forms 
were developed during the construction, which 
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3 ft. above those between them, breaking joints 
3 ft. The sections were held in place by %4x2-in. 
iron bands on about 3-ft. centers, the breaking 
of joints in the segmental forms always afford- 
ing a blocking of the concrete already laid to 
hold the sections in place. The reinforcing rods 
were temporarily held in place by being attached 
to templates nailed to the inner forms. 

The forms for the columns were made of 
dressed 1-in. boards, placed horizontally. Those 
for each side of a column were nailed to three 
2xI0-in. vertical pieces in 12-ft. lengths. The four 
sides of the form for each column were not nailed 
together, but were held in place by clamps, the 
details of which are shown in one of the illus- 
trations. These clamps were placed about 3 ft. 
apart, with their mitered joints at alternating cor- 
ners. They were found to be very efficient, no 
staging being required to hold them in place 
and the lines of the finished concrete being per- 
fectly true. They also made it possible to take the 
sections of the forms down easily and use them 
in the work above. 

A Carlin hod elevator was placed in a timber 
framework shaft at one side of the tower. Plank 
runways were laid, leading in from the shaft, one 
at every 6-ft. level, beginning at the bottom. The 
concrete was mixed by hand and loaded into two- 
wheeled Ransome buggies, which were raised by 
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greatly simplified the latter and reduced the cost 
of lumber, without detracting from the appear- 
ance or injuring the quality of the finished con- 
crete. 

The interior of the central cylinder was not re- 
quired to have a finished appearance, and the 
forms for it consisted of %-in. flooring, placed 
vertically and braced from the inside. A finish 
was required on the exterior of the cylinder and 
the forms for it were made of ¥%-in. flooring 
nailed to carefully cut transverse templates. 
These forms were built in sections 6 ft. long 
and with a width equal to 1/16 of the circum- 
ference of the outside of the cylinder. A tem- 
plate was placed at each end and at the middle 
of each section. After the cylinder was started 
the alternate sections of the forms were placed 
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Details of Reinforced-Concrete Tower, Bordentown Water Works. 


the elevator to the level of the work. The con- 
crete in central cylinder and the columns was thus 
carried up at the same rate. The forms for the 
beams and floor of the first balcony were sup- 
ported on timber scaffolding built up from the 
footing. When this balcony was completed the 
forms for the portion of the central cylinder 
and the columns between it and the second bal- 
cony were built up on it, the lumber used in 
erecting the tower up to this height being used 
again. The forms for the upper third of the 
tower were built up from the second balcony in 
the same manner, the portions of the tower be- 
tween the balconies thus being built indepen- 
dently. 

The concrete was made quite wet and carefully 
tamped in place with flat tools, in order to work 
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“the stones well back from the surface. No plas- 
tering was done and ‘the appearance of the con- 
crete as it came from the forms may be seen in 
the view of the finished tower. 

The plans for the improvements to the water 
works system and for the reinforced-concrete 
tower were made by Mr. C. C. Vermeule, of New 
York City, and the construction was carried on 
under his supervision. Mr. Hugh J. Reilly, Jr., 
ot New York City, was the contractor for all of 
the work. Mr. J. B. McBride had immediate di- 
tection of the work for Mr. Vermuelle. 


Water Triangulation. 


Water triangulation, so-called, was an_ in- 
teresting expedient adopted by Mr. E. E. Haskell 
in a hydrographic survey under the general di- 
rection of Major Lansing H. Beach, Corps of 
Engineers, U.S. A. To start these surveys from 
the primary triangulation of the Lake Survey 
would have been quite expensive, so Mr. F. G. 
Ray conceived the idea of using the foremast of 
the survey steamer, provided with a collapsible 
balloon-rigged signal, for a triangulation sta- 
tion. Starting with a tertiary line located nearly 
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Water Hazards of New York City. 


That the water supply of a city of 4,000,000 
people should be so administered that, in a year 
of slightly more than average rainfall, the quan- 
tity of water in December remaining in the im- 
pounding reservoirs upon which the 2,400,000 in- 
habitants of two boroughs are absolutely de- 
pendent should be reduced to less than 50 days’ 
supply, with the natural flow of the river only 
about one-half the daily consumption, will at 
once strike a competent water-works engineer 
as a hazardous state of affairs. This condition 


of the reservoirs is pictorially shown by diagram. 


No. 1, which, as one ‘engineer remarked, makes 
a man thirsty who looks at it. When certain ad- 
ditional facts are presented, an engineer’s fears 
will scarcely be allayed. The natural flow of the 
river upon which, with its tributaries, the im- 
pounding reservoirs are situated has, during the 
thirty-eight years for which records have been 
kept, for five years in the month of December and 
for four years in the month of January, been less 
than half the present rate of consumption, now 
more than 300,000,000 ‘gal. daily. Since records 
have been kept, the natural flow of the river in 
one or the other of these two months has four 
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Diagram |.—Actual Condition of Impounding Reservoirs, Croton Watershed. 


a couple of years before, the steamer was anchored 
about 5 miles offshore, so as to form well-condi- 
tioned triangles with the two known stations and 
a third one selected on shore. The steamer was 
then located by simultaneous pointings to the bal- 
loon signal on foremast from the three stations, 
and angles read to the adjacent stations. Each 
observation thus made gave a pair of triangles 
and one determination of the required length of 
a new line. Twenty sets of observations were 
made at intervals of four minutes for a complete 
determination of the new line, the usual methods 
of observing angles being employed. An inde- 
pendent set of angles was read to transfer the 
azimuth. Three such transfers were included in 
the system besides 13 regular triangles. The 
closing error was about I :105,000. 


A MEANS or GREATER Economy for the gas en- 
gine lies in the use of weaker combustible mix- 
tures, according to “Gas Power.’ The greater 
volumes of air of such mixtures may absorb the 
excess heat of combustion and give it off in the 
form of mechanical work. A reason that explo- 
sion temperatures and pressures fall so short of 
what they should be lies, it is said, in the rapidity 
with which the mixture parts with its heat, so 
that large amounts appear instantaneously in the 
water jacket or cooling flanges and are wasted. 


times been less than 100,000,000 gal. daily, and 
the minimum recorded in these months was 71,- 
000,000 gal. in December, 1876. Many times in 
other months, however, especially in the fall, the 
flow has been much less, frequently very much 
less, and in September, 1881, the loss from the 
reservoirs due to evaporation and other causes, 
exceeded the natural flow of the river by 10,000,- 
000 gal. daily. In this year of grace the city may 
get through the winter with just a close call. But 
what prediction is to be made for next fall and 
winter in view of the possibility of less than 
average rainfall during the next few months and 
a dry summer? 

If the natural total flow of the river at the low- 
est dam be plotted it will at once be impressively 
evident that a cycle of eighteen years of large flow 
was preceded by an equal cycle of low flow, and 
that several of the most recent years have had 
phenomenally large flows. Is it unreasonable, 
then,:to expect some dry years in the very near 
future? With these facts one must also study 
diagram 2, showing the increase of population 
and the more rapid increase of consumption of 
water, which latter for the past ten years has 
averaged for the two boroughs under consider- 
ation alone, nearly 15,000,000 gal. daily per year. 

The third diagram is, if possible, still more elo- 
quent to the water-works engineer, and can hardly 
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fail to be uncomfortably suggestive to the veriest 
layman. It shows the great discrepancy between 
the total safe yield of all the sources of supply 
of the whole city and the rate of consumption 
during recent years. In days of old such reck- 
lessness would have been regarded as a tempting 
of Providence. And this disaster-inviting policy 
actually went to the bitter limit in 1891, when, 
about the middle of November, the supply of 
water in the impounding reservoirs was entirely 
exhausted. All the available water in the dis- 
tributing reservoirs within the city was then 
equivalent to only about one day’s supply, and 
so within two days the city would have had 
nothing but the natural flow of the river, which 
was then only 50,000,000 gal. daily, while the usual 
rate of consumption was 140,000,000 gal. At this 
juncture a rain, which might well be called provi- 
dential, occurred, breaking the drought, and with 
succeeding rains, replenished the reservoirs. 

Successive years of plentiful rainfall, with the 
help of new reservoirs completed from time to 
time, maintained a comfortable supply of water, 
concealing the real risk which the city was run- 
ning. Meanwhile the construction of the greatest 
impounding reservoir of the system was drag- 
ging slowly along, delayed by many difficulties 
of one kind and another. It was amid these con- 
ditions that, in October, 1903, Mr. J. Waldo Smith 
was appointed chief engineer of the Aqueduct 
Commissioners. Realizing at once the imminent 
possibility of the recurrence of the perils of 1891, 
if the rainfall should drop below the average for 
a year or two, he promptly made vigorous efforts 
to rush the New Croton reservoir to completion, 
and with it the large storage and distributing res- 
ervoir under construction at Jerome Park, in the 
city. In these endeavors the chief engineer was 
heartily supported by the contractors. 

Some of the physical difficulties attending the 
completion of the new Croton dam have been de- 
scribed by articles appearing at various times in 
this journal, but there have been other difficulties 
which cannot be published at this time. Some- 
what novel methods of construction were intro- 
duced, and at times the work was prosecuted by 
night as well as by day. Masonry was laid in a 
narrowly restricted space at an unprecedented 
rate. New equipment was provided by the con- 
tractors to meet the emergency. By thus vigor- 
ously pushing all along the line the reservoir 
was sufficiently near to completion by the begin- 
ning of January, 1905, to permit the impounding 
in it of a large quantity of water which would 
otherwise have flowed past the city’s works. In 
addition to the unavailable water required to fill 
the lower part of the basin, approximately forty 
days’ supply was saved, which was later com- 
pletely drawn out for the city’s consumption. 

Had it not been for this succor, New York 
would have been alarmingly close to a grave 


‘shortage of water during the month just past, 


as will be readily perceived by referring to the 
first part of this article and making a simple sub- 
traction. The foregoing statements are the most 
emphatic possible comment on the value to the 
city of the water made available by the energetic 
work of the preceding year. Not only has the 
critical period of. 1905 been safely passed, but 
sufficient reservoir capacity has been added to the 
system to provide with reasonable security for at 
least one more year. The New Croton reservoir 
is now completed, but entirely empty. If there 
be sufficient precipitation during the early months 
of 1906 to fill it, together with all the other Croton 
reservoirs, which are so nearly empty, the bor- 
oughs of Manhattan and the Bronx will have a 
reasonably plentiful supply of water for the com- 
ing year; but, in spite of the new reservoir, a 
season of low rainfall would be cause for appre- 
hension. . Furthermore, just so much more mar- 
gin of safety has been put between the city and 
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severe shortages of water which are very likely 
to occur before any new source of supply can be 
made available. Hence the importance of having 


3'00G000 


Se TE, SN WO OO 
psi 


Baas 
feat HH 
zoogoco|_| | | | I | 


cogoogooa| {TTT ] 
mis 


4500 000 
150.000 000 


THE ENGINEERING RECORD. 


recently’ undertaken will increase the quantity 
which can be safely drawn in dry cycles by only 
about 25,000,000 gal. daily. New York is at least 
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Diagram 2, Population and Water Consumption, Manhattan and the Bronx. 


this basin ready at this time to husband as much 
water as is feasible cannot be overstated. 

In years of average rainfall or more, some 
water would still flow to waste over the spillway 
of the lowest dam. Therefore, to aid in spanning 
the dangerous gap of five or six years which, 
at the best, must elapse before any water from a 
new source of supply can be made available, Mr. 
Smith urged the construction of two more reser- 
voirs on: tributaries of the Croton, Cross River 
reservoir of 9,000,000,000 gal. and Croton Falls 
reservoir of 16,000,000,000 gal. available capacity. 
The completion of these reservoirs has been most 
unfortunately delayed by a taxpayer’s suit attack- 
ing the legality of the contract for the Cross River 
reservoir. The supreme court of New York fin- 
ally decided on Nov. 14 that the contract was le- 
gal, establishing the right of the Aqueduct Com- 
missioners to award a contract to another than 
the lowest bidder and to make contracts for 
engineering work at unit prices, although the 
quantities given as_a basis for the canvassing 
of the bids were only estimated by the engineer 
with such degree of*accuracy as the data made 
possible, and, hence the total obligation of the 
city under the contract not absolutely determined. 
On account of this delay it is not now expected 
that the Cross River reservoir can be ready for im- 
pounding water before January, 1908, and Croton 
Falls reservoir not before January, 1900. 

What may happen to the city’s water supply 
from the Croton watershed during the years of 
waiting for the new water, in the event of a 
repetition of the stream-flow conditions of the 
years from 1879 to 1887 is suggested by dia- 
gram 4. If, however, rains are more plentiful 
and more fortunately distributed, the two new res- 
ervoirs may be of very great value. Cross River 
and Croton Falls’ reservoirs will carry the stor- 
age development of the watershed somewhat be- 
yond the economical limit, as determined by such 
a series of dry years as has occurred since rec- 
ords have been kept, but their potential value in 
reducing the scarcity of water pending the relief 
from a new source quite warrants the expendi- 
ture necessary for their construction. The safe 
yield of the watershed with the éxisting reser- 
voirs has already been exceeded by the average 
consumption for the year just closed to the extent 
of about 30,000,000 gal. daily. The two reservoirs 
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some of the most eminent water-works engineers 
and the technical press. 


New York is now seeking authority to obtain 
an additional supply of water from the Catskill 
Mountain region. About a year ago a bill was 
introduced into the Legislature to authorize the 
city to secure the much-needed water. This bill 
was passed only after much discussion, and did 
not become a law until June 3, 1905, when another 
bill creating a State Water Supply Commission 
also became law. The second bill, which was 
numbered just ahead of the New York City bill, 
requires that all municipal projects for new water 
supplies shall be passed upon by the State com- 
mission. On June 9, Mayor McClellan appointed 
a Board of Water Supply, which, after effecting 
a sufficient partial organization, presented a scheme 
for additional supply to the city government,on 
Oct. 9. Application was made to the State com- 
mission on Nov. 3. Public hearings are now be- 
ing held, and at the present rate of progress may 
defer the final action of the State commission un- 
til well into the spring. Daily newspaper reports 
of these hearings for the most part have beer 
quite misleading. There is but little real opposi- 
tion among the people to be actually affected by 
the execution of the proposed works; the noise 
which has had so large space in some press ar- 
ticles has issued principally from a few lawyers 
who apparently are seeking to establish a basis 
for future business when settlements for proper- 
ties and damages are in order. The city’s case 
has been ably conducted by the corporation coun- 
sel and the engineers of the Board of Water 
Supply. 

Final locations of the proposed works cannot 
be made in the field nor contracts for construc- 
tion prepared until the decision of the State Water 
Supply Commission shall have been handed down. 
Even if the decision be favorable, a year will be 
necessary to prepare for actual construction on a 
large scale. Meanwhile such preliminary opera- 
tions as can be carried on are being pushed un- 
remittingly under the able direction of Mr. J. 
Waldo Smith, who became chief engineer of the 
Board of Water Supply on Aug. 1. With the most 
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Diagram 4, Water Consumption, Depletion of Reservoirs and Total Reservoir Capacity, 


five years behind its needs in providing itself 
with water, and this in disregard of the most 
urgent recommendations, frequently reiterated, of 


rapid progress which can reasonably be antici- 
pated, at least five years, it is estimated, must 
elapse before water from Esopus Creek, the near- 
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est of the new sources, can be made partially avail- 
able by building the portion of the Catskill aque- 
duct between the proposed great Ashokan reser- 
yoir and the Croton watershed. This reservoir, 
too, will have to be partially constructed within 
this time. Since the Old and New Croton aque- 
ducts have a combined capacity approximately 
100,000,000 gal. daily in excess of the safe yield 
of the Croton River in dry years, this quantity 
could be added to the low service supply of the 
city while the Catskill works are being com- 
pleted to deliver 500,000,000 gal. daily at approxi- 
mately 150 ft. greater elevation. The Catskill 
works were fully described in the Current News 
Supplement of this journal for Oct. 14, 1905. 
Severe criticism has many times been passed 
upon the department and commission which have 
hitherto managed New York’s water works for 
permitting the city to run such hazards as were 
described above, and some of this criticism has 
probably been well deserved. The project for the 
Catskill additional supply has been entrusted to 
a board composed of business men instead of 
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Erecting Temporary Trestles. 


A boom mounted on an axle carried by four 
flanged wheels has been en.pioyed by H. S. Ker- 
baugh, Inc., of Philadelphia, Pa., in erecting tem- 
porary trestles used in makiag railroad and other 
embankments. Lhe-trestles buiit by this contractor 
are generally made stronger than the usual run 
of such structures in order to insure safety to 
the workmen and the plant on them. Each bent 
it capped with a 12x12-in. timber and the ties for 
the track are laid on two 12xI2-in. stringers, one 
under ’each rail. The general arrangement of 
the erector may be seen in the accompanying il- 
lustration. The four wheels carrying the boom 
are set in pairs, one pair toward each end of 
the axle. The two wheels of each pair are placed 
back to back so their flanges come against the 
sides of one stringer; those of the other pair of 
wheels bear against the sides of the other string- 
er. A 20-ft. boom is pivoted 4.5 ft. from one 
of its ends between the pairs of wheels on the 
common axle. 


View of Boom Derrick Used in Erecting Temporary Trestles 


politicians. An excellent beginning has been made 
in organizing a force independently of political 
influence. For the good of the city, it is to be 
hoped that the high standards of these early 
days will be courageously maintained. It will 
be well for the Board of Water Supply and its 
engineers to remember that the eyes of the world 
will frequently be turned upon so gigantic a mu- 
nicipal undertaking. 


Tue Important Position held by the Ameri- 
can Railway Engineering and Maintenance of 
Way Association is shown by the fact that of 
the total 207,977 miles of single-track mileage 
in the country, using the Interstate Commerce 
Commissioner's 1904 figures, 170,883 miles or 82 
per cent. have revresentatives in the scciety. Rail- 
ways in Canada, Mexico, Central and South 
America, Japan, India, Australia, New Zealand 
and Russia are also represented. Most of the 
officials who belorg to the association hold the 
rank of chief engineer, of which grade there 
are 94, but there are also 49 engineers of main- 
fenance of way, 53 assistant engineers, 30 division 
engineers, 28 superintendents, 21 general man- 
agers, 14 presidents, 17 vice-presidents and many 
‘other ranks is somewhat smaller numbers. 


The erector works from the end of the trestle - 


already erected, the wheels running on the string- 
ers. The short end of the boom is anchored to 
the trestle by a Ix4-in. strip of iron, 4 ft. long, 
swung from its center in a stirrup on the end of 
a threaded iron rod which extends up through a 
block on the boom. A hand nut on the rod above 
the block permits the strip of iron to be drawn 
ud agrvinst the under side of the stringers, when 
pleced transversely to them, pulling the short end 
of the boom down and anchoring it securely. A 
block and fall is suspended from the outer end 
of the boom and is rove with a rope which passes 
through a sheave built in the outer erd of the 
boom and then through one in the short end. A 
team attached to this rope is used in hoisting 
the bents and stringers. A trestle bent and the 
two stringers extending from it to the next bent 
in the rear are erected at each set up of the 
boom. The latter is very readily moved for- 
ward, the anchor bar being swung parallel with 
the stringers by loosening the hand nut until 
the bar is free. 

An erector of this type was used in the construc- 
tion of five miles of trestle required in making a 
fill on the new low-grade line of the Pennsylvania 
R. R,, described in The Engineering Record Dec. 
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16, 1905, and in erecting a much larger amount 
of trestle required in the construction of the Enola 
yard connected with the same work. It is possible 
to reduce the trestle erecting crew from 14 men 
required without the erector to eight men neces- 
sary when it is employed, and at the same time the 
erection work may be carried on with greater 
rapidity. 


Experiments with Superheated Steam. 


The Bavarian Reyvisions-Verein has lately made 
a large number of experiments with superheated 
steam to determine the effect of pressure, jacket- 
ing, intermediate superheating and number of 
cylinders. The full data are not yet worked out, 
but preliminary statements concerning them by 
Mr. C. Berner in the “Zeitschrift” of the Society 
of German Engineers give the following infor- 
mation : 

As regards the transmission of heat through 
conducting surfaces, with steam velocities from 
15 to 100 m.-sec. no noticeable effect on the trans- 
mission was observable. The higher velocity 
only produces a greater loss of pressure; thus 
the resistance to flow in a coiled superheater 
tube is at least 20 per cent. greater than in a 
smooth pipe. 

A peculiarity which had previously been ob- 
served, the great increase of heat transmission 
with increase of load on the superheater, was 
again noticed. This increase is usually attributed 
to the influence of the velocity of the flue gases 
and of the steam; but this view is not tenable. 
Only the dependence on the temperature gradient 
remains. This latter is, in many cases, of by far 
the most importance, the effect of velocity being 
generally negligible. In the transmission of su- 
perheated steam the tests have shown that Péclet’s 
results, instead of being 25 per cent. too small, 
ate in reality 70 to 80 per cent. too low. As re- 
gards the specific 6f superheated steam, Linde’s 
results have been confirmed, so that Lorenz’ 
equation gives mean results at least 20 to 25 per 
cent. too high. 

According to the height of the steam temper- 
ature the pipe-wall temperature can lie either 
above or below the saturation temperature of the 
steam. It was found that condensation increases 
rapidly from the instant the pipe-wall temperature 
falls below the saturation temperature, but no 
condensation can take place if the wall is above 
this temperature. The limiting temperature de- 
pends on the pressure and the heat insulation. 
All experiments have shown that the only de- 
termining factor for the heat loss is the temper- 
ature gradient between steam and air, the loss 
not increasing proportionately with, but faster 
than, the gradient. The absolute value of the 
temperature of the steam is immaterial. From 
this it follows that the heat loss must always be 
greater with superheated than with saturated 
steam of the same pressure. The influence of 
uncovered parts in the piping is shown to be 
very great. The resistance to flow of the steam 
in pipes with different pressures and velocities 
is found to be practically the same for both sat- 
urated and superheated steam. 


CEMENT Mortar CASINGS are now used on the 
wharf ‘piles of the Los Angeles division of the 
Atchison, Topeka & Santa Fé Ry. to prevent in- 
jury by limnoria, teredo and similar mollusks. 
According to Mr. J. F. Parker, the casing is 2 
to 2% in, thick and is carried up from the mud 
to the high water line. It costs $1.10 per foot. 
The mixture is 1 part Gillingham Portland ce- 
ment to 2 parts fine sand, made up with sea 
water. It is placed in position by divers with the 
help of sheet steel molds, made in 3-ft. lengths. 
After the cement has set for about 6 days the 
casings are taken off. 
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The Turbines in the New Power Station 
at Sewalls Falls. 


The improvements of the power plant of the 
Concord Electric Co., at Sewalls Falls, N. H., 
were described at length in this journal on Jan. 
6, by Mr. Edw. B. Richardson. In that article 
he mentioned: the general features of the two 
turbines designed and built specially for the new 
station by the Allis-Chalmers Co., which has fur- 
nished the following additional information con- 
cerning the installation. Ordinarily the stream 
produces a fall which gives a net working head 
of 16 ft. In times of flood, however, the water 
backs up in the lower channl so as to reduce the 
working head to 12 ft. To secure the desired re= 
sults the Allis-Chalmers Co. has designed the 
turbines, each with three sets of runners and 
gates complete, the three sets being arranged 
one above the other on a vertical shaft. 

The three sets of runners are all connected to 
the tail race by means of draft tubes, as illus- 
trated in the article referred to, so as to derive 
the full energy of the water, due to its actual 
head, from each of the runners, no matter what 
its relative or actual position may be upon the 
shaft. The lower runner of each wheel has a. 
draft tube by itself, while a single tube of larger 
dimensions carries off the discharge water from 
the two upper runners. The turbines are of the 
Francis central discharge type. The three run- 
ners on each wheel are each of equal size, form 
and capacity; but they do not all discharge in the 
same direction. The lower one discharges down- 
ward into an individual concrete draft tube. 
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two points below the thrust bearing the shaft is 
kept in line by steady bearings carried by portions 
of the wheel casings. The wheel casings are self- 
supporting besides carrying the weight of the ro- 
tating parts, one section being built on top of the 
other, and each provided with four stout columns 
to carry the weight. The casings are steadied and 
held against vibrations and side strains by having 
certain parts carried over to the walls of the 
draft tubes. These walls and the draft tubes are 
of reinforced concrete, and were illustrated in this 
journal on Jan. 6. 

The wheel cases are all divided so as to per- 
mit of dismantling without disturbing the shaft or 
generator parts, and are put together with ma- 
chined and, ground joints. 

The shaft itself is in two parts coupled together 
just below the generator. The runners are of non- 
corrosive bronze, each cast in one piece. They are 
55 in. in diameter. Surrounding each runner are 
the gates which admit the water to it and control 
its speed. Outside the gates of each runner, and 
reaching all around it so as to admit water to 
all parts of the periphery of the wheel at once, is 
a space ample for that purpose. The gates are 
composed of movable guide vanes, so constructed 
that when open they admit a full head of water 
with but little interference and when closed totally 
exclude the water. All are connected by links to 
a common gate ring and arranged so that a mini- 
mum of power is required to operate them. 

The operation is through two countershafts 
standing parallel to the main shaft. These are 
each provided with a crank at each set of gates, 
and the cranks are connected to the gate. rings 


Shaft and Three Runners of One of the Turbines 


The upper runner discharges downward and 
the middle one upward, both into a separate 
concrete draft tube which joins the lower 
one at the bottom of the tail race. The reac- 
tions from these two runners practically balance 
one another, while the reaction from the dis- 
charge of the lower runner, being upward, tends 
to lift a portion of the load on the turbine shaft. 
This effect is considered negligible in the turbine 
design, but provision is made for using the pres- 
sure due to the head of water to carry a con- 
siderable part of the weight of the turbines and 
the generators at all times. This is done by ad- 
mitting the water of the flume into a space di- 
rectly under the second runner of each turbine, 
where it exerts its pressure upward against a cir- 
cular plate which forms a revolving piston. The 
water will carry about one-third the weight of the 
rotating parts. The other two-thirds is carried by 
a thrust bearing supported by the turbine castings. 

The bearing is made of generous proportions so 
as to operate safely without oil under pressure for 
lubrication. The lubrication is, in fact, provided 
for in an ingenious manner. A well is formed 
outside the bearing rings and this is filled to a 
suitable height with oil. The oil flows to the in- 
ner part of the bearing through suitable’ holes, 
passes through the bearing, guided by proper 
grooves, and is returned through holes to the 
well. The circulating action is continuous so long 
as the wheel is in action, and it is automatic. At 


by links. One-eighth of a turn of the shaft com- 
pletely closes the gates. Not more than 12,000 ft. 
Ibs. is required for this operation. This power is 
supplied by the governor for each wheel. 

The governors are placed on the generator floor 
beside the generators. They are of the Allis-Chal- 
mers standard type of self-contained oil pressure 
hydraulic governor. The design is such that no 
changes in arrangement will need to be made 
should three or more units be added to the plant. 
Such additions are not unlikely after two or three 
years. The permissible variations in speed under 
sudden variations of load are shown in the follow- 
ing table: 


Variations Permissible variations 


of load. in speed. 

SERPETECE NOx cme: res Atal inmuss ahs Not over 2% in 1.5 Sec. 
BOVDET ROC Utes puta Witte nea opr nainty Not over 4% in 2° Sec. 
PS  PETUCEN Gre icine aietesetate ciaue Not over 6% in 2.5 Sec. 
TOO PETC CIE sevecii tei ekatehnisas atts eos e Not over 8% in 3 Sec. 


Each governor is driven from a horizontal shaft 
running under the floor, which takes its motion 
from the main shaft of the turbine through the 
medium of a bevel gear. : 

The bevel wheel on the main shaft is formed by 
attaching a toothed rim to the outside of the col- 
lar of the coupling which joins the two portions of 
the shaft. A Morse silent chain gear connects the 
governor to the horizontal shaft and, drives the 
governor. The chain is cased in. 

The speed is regulated by sensitive fly balls 
working against knife edges and the actual con- 
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trol of the gates is accomplished through the 
agency of oil under pressure operating through 
the medium of a piston controlled by a pilot 
valve. These regulators are so constructed as to 
eliminate hunting and insure very close regulation. 
The governors are so arranged that they are under 
control electrically from the switchboard, and 
synchonizers and motors for controlling the gov- 
ernors form a part of the outfit of the station. 
This makes it possible to increase or diminish 
the speed of either of the wheels at pleasure or 
to shut down units from the switchboard in case 
of an emergency. 

The wheels will each produce goo h.-p. with 


Turbines for Sewalls Falls Plant. 


a 16-ft. head on a consumption of 620 cu. ft. of 
water per second, or 625 h.-p. at 12-ft. head with 
a flow of 650 cu. ft. per second. Working at full 
gate they are expected to economize 78 per cent. 
of the power of the water, or more, and to give 
80 per cent. return at three-fourths gate. At half- 
gate they are expected to economize 75 per cent. 
of the power of the water. They operate at 100 
revolutions per minute. 

Standing directly over the turbines with their 
stator parts supported on the generator room 
floor are the two generators, one for each turbine. 
The rotor shafts are direct-coupled to the shafts 
of the turbines and form the upper parts of the 
turbine shafts. The weight of the rotors is car- 
ried by the thrust bearings of the turbines; but 
they have a steady bearing above the coupling to 
keep them in line. The generators are of the 
Allis-Chalmers-Bullock vertical water-wheel type. 

UnusuAL FILLine is now. being done at Grant 
Park, Chicago, by the Illinois Tunnel Construc- 
tion Co., which made an agreement to furnish 
a million yards of earth to the city without cost. 
Part of it comes from the new tunnels but the 
larger portion is furnished by the excavations 
for foundations for large buildings. This ma- 
terial is delivered through special shafts to the 
tunnel cars, which run underground to the lake 
front and then over a viaduct spanning the II- 
linois Central R. R. to the park. 


- 
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The Marion Power Station of the Public 
Service Corporation of New Jersey. 


The engineers of the Public Service Corpora- 
tion early in its organization, in the summer of 
1903, planned for increases in power-station ca- 
pacity to take care of the ever-increasing business 
of the company. In the fall of that year a very 
complete detail report of the future yearly re- 
quirements of plant capacity was formulated, with 
special attention to concentration of power 
houses. At this time, the Marion plant in Jersey 
City, the name originating from the nearest Penn- 
sylvania R. R. station, was planned, the necessary 
appropriation obtained from the Finance Com- 
mittee, and ground was broken the succeeding 

\ spring. 

A tract of about fourteen acres in the western 
portion of Jersey City, on the Hackensack Mead- 
ows, was owned by the corporation, lying between 
the Hackensack River on the west and the N. Y., 
Susquehanna & Western R. R. (Pennsylvania 
system) on the east, and the Erie R. R. cuts 
across the northern corner of the property, within 
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temporary east end walls of the engine and switch- 
board buildings are of corrugated iron laid on a 
light frame work of steel, in order to facilitate 
future extension in that direction. The engine 
room walls are lined to a height of about 20 ft. 
with white enamel brick and for the rest of the 
height a light buff brick, presenting a pleasing 
appearance. Of the projected boiler house ar- 
rangement two complete sections have been built 
with a brick wall partition, the others units to be 
built as needed when the turbine structure is ex- 
tended eastward. i 

The foundations of the turbo-generators are 
worthy of special mention, involving a system of 
reinforced concrete arches upon piling, permitting 
a free flow of the river immediately below the 
turbines. Water is brought in from the river by 
a series of 36-in. clay pipes, which extend out 
below the pile dock and turn downward: at the 
edge of the dock, being hung in position by cross 
beams before the space beneath the dock was 
filled in; the mouths of the 36-in. inlets are 13 ft. 
below low-tide level, thus affording an ample sup- 
ply of water for condensing purposes at all times. 
These provisions have been initially made for the 


View of Marion Power House. 


200 ft. of the stationbuilding. A spur of standard 
‘gauge track was laid to connect with the Penn- 
sylvania tracks, the whole length of the plot and 
into the engine room and beneath the ash chutes 
of the boilers. 

The Hackensack River, within 7o ft. of the 
buildings, narrows at this point and is about 60 
ft. deep, the immediate shore affording a dock 
depth at low tide of 18 ft. Thus excellent tide- 
water facilities are afforded for coal delivery, sup- 
plemented by the facilities afforded by the rail- 
roads mentioned. © 

A view of the present power-house structures is 
shown in section, exhibiting the fine tide-water lo- 
cation. A view is also given of the plant as it 
will appear on the enlargement to 32,000 kilowatt 
capacity, showing Jersey. City in the background. 
The map of the Northern Jersey electrical dis- 
tribution system shows clearly the geographically 
central location of this new power house and its 
relative position to the present central stations and 
sub-stations and to the districts to be supplied. 

The building is substantial, though severely 
plain, no attempt being made to gain architectural 
beauty. The boggy nature of the soil required 
care in the construction of foundations, which 
were built on reinforced concrete caps laid upon 
3-ft. piling. The walls are of red brick, excepting 
a temporary wall at the east end of the engine and 
switchboard building, filling in’ upon a structural 
steel frame with trussed lantern story roof; the 


inlet supply for the ultimate capacity of the plant 
to 64,000 kw, 

The condenser outflow or discharge canal is 
carried down river at an angle and away from 
the intakes. It consists of a 12x12-ft. raceway 


below grade, built on the sides of sheet piling, on - 


the bottom with concrete, and is planked over on 
the top. A view is shown of this work during 
construction. 

A view of the skeleton steel frame work of the 
building is shown from a photograph taken dur- 
ing construction, clearly exhibiting the partly com- 
pleted boiler installation, which is supported on 
steel girders and above the level of the turbine 
room floor. 

The turbine room is 43 ft. by 150 ft. in size. 
The two boiler rooms together occupy a space of 
150 ft. by 115 ft., and the switch and cable build- 
ing is 21 ft. by 150 ft. The switch and cable build- 
ing is in reality a lean-to against the engine room 
wall, containing also the engineer’s office. An 
electrically operated crane runs on an elevated 
track in the turbine room, supported by a girder 
resting on the structural columns and is capable 
of lifting 10 tons. As the railroad tracks entered 
the building, the crane reduced the cost of unload- 
ing and handling of material to a minimum. 

The circular brick stacks were built by the Cus- 
todis Chimney Construction Co.; they are lo- 
cated outside of the boiler house, and each is con- 
nected with a brick flue running the length of the 
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backs of one section of boilers, Each of the pres- 
ent two stacks has a height of 225 ft. and is 
built of yellow brick. The end stack, supplying a 
single section of boilers, is 19 ft. 4 in. outside 
and 12 ft. 4 in. inside diameter at the base, and 
11 ft. 2 in. outside and Io ft. inside diameter at 
the top. The other, located between the two boiler 
house units, is 22 ft. 2 in. in diameter at the out- 
side and 15 ft. 2 in. inside at the base, the top 
having a diameter outside of 15 ft. 5 in. and 
inside of 14 ft. The foundation of each is alike, 
built of concrete and 37 ft. in diameter. _ 

The boiler equipment consists of fifteen Bab- 
cock & Wilcox 600-horse-power boilers, five boil- 
ers being in a half section, supplying the smaller 
stack, and ten boilers in a section for the larger 
stack. With the single exception of the outer 
or half-section row, the boilers will all be located 
back to back, the flues of brick being below the 
boilers sealed with cement. The flue dampers are 
iron plates swung on a vertical axis and are at an 
angle when closed as shown in the illustration. 
Hand firing has been adopted, McClave grates 
being used, to the exclusion of mechanical stok- 
ers, but provision has been made so that if de- 
sired they can be inserted later. 

The coal is.mechanically handled from the sup- 
ply pile to the storage pockets over the boiler floor 
space and is thence delivered to the floor by 
local coal chutes controlled by the fireman. Below 
each boiler is a flame plate consisting of a slab of 
6-in. reinforced concrete supported at each end 
on iron girders. Beneath each grate is a steel 
hopper, lined with concrete, to conduct the ashes 
to a chute, the opening of which is controlled by 
gates. Ash cars on standard-gauge tracks receive 
the ashes direct from the chutes and are used to 
convey the ashes away from the plant. 

The steam piping is carried overhead, suspend- 
ed from the structural steel frame work, permit- 
ting free movement of expansion. The Rockwood 
type of joint, supplied by M. W. Kellogg & Co., 
is used, with vulcabeston gaskets on all the 6-in. 
auxiliary mains and the 1o-in. live steam feeder 
lines. All runs are curved to guard against strain- 
ing joints. Chapman valves are used on all steam 
connections, except valves below 4 in., where Han- 
cock globe valves are used. The blow-offs have 
connections to the feed-water lines for use as an 
emergency method of feed-water supply to the 
boilers if necessary. The pipe covering on the 
superheated lines is 3 in. of 85 per cent. magnesia, 
laid on in 1%4-in. thicknesses plastered with a %4- 
in. layer of asbestos compound and then covered 


_with 8-0z. duck sewed on. The other steam piping 


has sectional covering. The relief valve on the 
5,000-kw. exhaust is a 36-in. and on the 3,000-kw. 
turbine a 30-in. Blake valve. 

There are three Warren vertical boiler feed 
pumps, each with I4xIIxI2-in. cylinders, which 
run 50 to 100 strokes per min., and are capable of 
delivering 980 gal. per min. Each has an 8-in. 
suction and 7-in. discharge. They are set with © 
their water cylinders below the floor line, giving 
a head of 5 ft. on the suction valves, which is 
sufficient to prevent trouble when pumping hot 
water. 

Each turbine unit has an Edward’s duplex 12x 
30x14-in, direct-driven suction valveless air pump, 
supplied by the Wheeler Condenser & Engineer- 
ing Co., used as the condenser and air pump. 
The suction pipe drops directly through the tur- 
bine-room floor into the intake canal from the 
river, the diameter of the suction pipe being 24 
in. with a 20-in. delivery. 

The exhausts from all of the steam auxiliaries 
are led to an exhaust main which delivers into 
the two open feed-water heaters, a divide-box in 
this main and between the two heaters, permit- 
ting adjustment by hand so as to proportion the 
inlet to each heater, as required. These heaters are 
the Cochrane open heater built by the Harrison 
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Safety Boiler Works, and éach is rated at 6,000- 
h.-p. capacity; they are both of the horizontal cir- 
cular type, 15 ft. long and 6 ft. in diameter. 
A leader is taken from between the stages 


of the large turbines to supply additional steam to 
these heaters at about atmospheric pressure, and 
This enables 


is run direct to the heater casings. 
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turbine. Both the sensible heat and all of the 
latent heat is utilized in the heater, while the only 
further work the steam could do when used ex- 
pansively in the turbine, is that due to difference 
of temperature from atmosphere to 28 in. of 
vacuum, The amount of steam used for this pur- 
pose from the turbine will depend, of course, upon 
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the temperature of the feed water to be raised up 
tol2TO- Nor 212 40h. 

The system of feed-water supply involves the 
following circuit: The Edwards air pump receives 
the water of condensation from the condensers 
and returns it to the open heater which acts as a 
hot well; these heaters are of sufficient capacity 
to store a 10-minute supply for the boilers. In the 
delivery from the air pump to the heater it passes 
through a primary heater formed by the top rows 
of tubes of the surface condenser; by virtue of 
their contact with steam entering the condenser, 
the water is heated to the full temperature of the 
vacuum. The complete circuit of the water through 
the plant is therefore from the boilers to the tur- 
bines as steam, from the turbines to the con- 
denser, condenser to pump, pump through primary 
heater, primary heater to the open heater, open 
heater to the feed pump, and feed pump to the 
boilers. The entrained air escapes from the dis- 
charge of the Edwards air pump through a 12-in. 
riser carried above the water line. The make-up 
water is supplied from either the city mains or 
from a spring water supply on the property. 

The auxiliaries in the station are all steam 
driven and run non-condensing, the exhaust from 
them being utilized to the fullest extent for heat- 
ing the feed-water. The amount of such exhaust 
steam in the turbine plant, however, is not suffi- 
cient to raise the temperature of the large 
amounts of feed used to more than 50 or 60 deg., 
sO provision was made to bring this tempera- 
ture up as stated by means of the primary heater 
and steam connection from between stages of the 
turbines. In addition to the advantage of feeding 
hot water to the boilers at a constant tempera- 
ture, there is considerable economy secured by 
this use of steam after it has done work from 
boiler pressure to atmospheric pressure in the 
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three-phase alternating-current at a potential of 
13,200 volts, but the 5,000-kw. units are designed 
for 25-cycle current for the operation of the rail- 
way loads, while the 3,o00-kw. unit delivers at 60 
cycles, this unit being intended for use upon ‘the 
lighting systems of the corporation. A unique 
feature of the turbine equipment is the double 
condenser arrangement which is used for the 
5,000-kw, units. These machines have two Wheel- 
er surface condensers, one of 10,000 sq. ft. upon 
either side, making 20,000 sq. ft. of condenser sur- 
face to each 5,000-kw. unit. The 3,000-kw. turbine 
has a single Wheeler condenser having 12,000 sq. 
ft. of surface. An interesting feature is to be 
noted in the use of the top row of tubes in each 
condenser as a primary feed-water heater as 
above referred to. 

This station numbers among the first of the 
large power plants in this country to make use of 
steam turbine driven auxiliaries. There are two 
125-volt exciters, each of 75-kw., direct connected 
to horizontal Curtis steam turbines, each one 
being of sufficient capacity for the entire present 
equipment. Both turbines operate non-condensing, 
exhausting into the open heaters, 

The cables from the generator to the generator 
busses, the exciter wiring, and the general current 
controlling wiring and apparatus are shown in the 
accompanying illustrations. The three conductor 
cables from the generators are all led in ducts im- 
bedded in the station floor to the basement of the 
switch building, thence expand along the wall to 
the respective sectional busses. The systems of 
busses of flat copper bars are carried in separate 
compartments in the usual manner, the compart- 
ments being of brick construction. From the 
busses leads are taken to the respective circuit- 
breaking oil switches, which are the type H-3 of 
the General Electric Co., throughout. : 

The instrument panels and operating bench are 
placed at one end of the present top floor of the 
switchboard building and on a level with the gal- 


Power House under Construction. 


the proportions of station load to steam obtained 
from the auxiliaries, being controlled by a hand 
valve with a back-pressure valve in the line. 

The present turbine equipment consists of two 
5,000-kw. and one 3,000-kw. General Electric-Cur- 
tis turbo-generators, although provision has been 
made for an additional 3,coo-kw. unit in the 
present turbine room. All three units deliver 


lery, which is on one side and end of the engine 
room and interconnects the turbines. The opera- 
tor can thus overlook the generators and face his 
operating bench at the same moment. The gen- 
erator supply to each bus is controlled by an oil 
switch, also with remote control, and which has 
the auxiliary time limit and reverse-current relays 
in circuit for protecting the generators and system. 
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_From the bus-bars the current passes to the floor 
above by separate cables, each being in circuit 
with an oil switch and connecting to the feeder 
circuits. Each circuit from a generator has two 
mains, one of which can be connected to an ad- 
jacent sectional bus, which are, however, kept 
normally closed by clip switches. 

The feeder circuits pass downward through 
ducts to the basement and fan into a series of 


* pull boxes and thence to the cable well and un- 


derground conduits, each being protected by Gen- 
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in‘this case are of rubber core and paper insula- 
tion protected by a lead covering. All the cur- 
rent from the exciter sets is brought to the low- 
tension board on the operating floor and distri- 
buted and controlled from there. 

A novel feature in the equipment of the switch 
and cable building is a 100-kw. General Electric 
motor-generator set consisting of three machines. 
They embrace first an alternating-current syn- 
chronous motor of 600 volts, 25 cycles, sup- 


plied by static transformers, stepping down from 
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to drive the set with 125 volts direct current 
from an exciter and use either 500 volts direct 
current or 600 or 13,200 alternating current fos 
testing. 

The operation of this station will greatly re- 
lieve the heavy demand for energy on the other 
central stations of the corporation and provide 
thereby a reserve in case of accident to any of the 
plants. 

Special mention should be madz2 of the courtesy 
received from Mr. Dudley Farrand, General Man- 
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eral Electric’ lightning protectors, which also take 13,200 volts. On the same shaft is a direct-cur- 


care of any unusual rise in voltage. 

Current and potential transformers supply the 
instruments on the panels near the operating board 
so that only low voltage is in the vicinity of the 
operator. The current transformers also operate 
the automatic @ontrol of the circuit-breaking 
switches. 

The cables are of rubber insulation, except 
where they are a continuation into the building 
from underground to the second floor into cable 
bells, where each of the three leads are carefully 
brought away from each other and taped, and the 
bell filled with insulating compound. The cables 


rent, 125-volt and a direct-current, 500-volt ma- 
chine, both interchangeable as motors and genera- 
tors by the method of switching. The purpose of 
this special set was to attain any possible desired 
current for testing work, although additional ex- 
citer capacity is also in reserve for the larger 
generators. It is possible to take trolley current 
and generate alternating current 600 volts or 13,- 
200 volts for testing,,or use 125 volts direct cur- 
rent for exciter current or for lighting the station. 
Driving by the alternating current end, one can 
use 500 volts direct current for operating the coal 
handling or the crane motors. Or it is possible 


ager; Mr. James T. Whittlessey, Chief Engineer, 
and Mr, Vassar, his assistant, for the facilities 
and information afforded this paper. 


A Gas Tursine has been worked out by Mr. T. 
G. Saxton, of Lexington, Ky., which embodies a 
combination of a four-cylinder horizontal gas en- 
gine, a small steam boiler fired with oil fuel above 
the latter, and upon the engine shaft a radial-flow 
turbine, which is driven by the practically con- 
tinuous exhausts from the gas engine to which 
is added steam from the boiler. The outfit runs 
at 750 r. p. m. and is stated by the “Railway Re- 
view” to show promising results. 
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Government Contracts: Legal Pitfalls and 


How to Avoid Them.—V. 


By George A. King and William B, King, Members of 
the Bar of the Court of Claims. 


Delays and Interference.—Government contrac- 
tors may be subjected to delays by the action or 
inaction of government officers. The due per- 
formance of their work may be either suspended 
by official orders or interfered with by improper 
directions. Such conditions usually cause a loss 
to the contractor by destroying or lessening the 
labor value of his employees, by subjecting him 
to a rise in prices, by consuming time of super- 
intendence, by causing loss of efficiency in plant, 
or in some other like manner. Nearly all gov- 
ernment contracts require the contractor to begin 
his work promptly, to carry it on diligently and 
to complete it within a fixed time. The usual 
provisions authorize the officer in charge to em- 
ploy additional force in case of unsatisfactory 
progress, and to annul the contract entirely for 
continued delays, and they also impose a penalty 
for failure to complete the work in time. A 
stringent obligation for promptness is thus en- 
forced upon the contractors. 

The Government Responsible for Delays—The 
courts imply in every contract, in the absence 
of express stipulation on the subject, an obligation 
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on the part of the government itself to be equally 
prompt in performing the duties which the con- 
tract places upon it. They hold the government 
responsible for the contractor’s losses caused by 
the action of the government’s officers in un- 
necessarily delaying or suspending, or uselessly 
interfering with, the contractor in his work. 

The earliest case on this subject in the Supreme 
Court was one arising out of a contract made in 
1847 for embankment in the now abandoned 
Memphis Navy Yard. It was claimed that of- 
ficers of the government interfered with the con- 
tractors in performing their work, causing them 
largely increased expense. The case was argued 
before the Court of Claims four times and the 
Supreme Court once. The Supreme Court de- 
cided in 1867 that the contractor had a right to 
‘recover for the losses caused by improper inter- 
ference by the officers of the United States and 
the contractor finally received his pay. 

Nine years later the Supreme Court decided a 
dispute growing out of the construction of build- 
ings for the army post at Beaver, Utah. The 
contractor was stopped by order of the Post 
Commander and all work had to be suspended. 
He objected to the stoppage and appealed to the 
Quartermaster-General and the Secrtary of War, 
who ordered the work to go on. The suspension 
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resulted in a loss of $5,000 to the contractor. The 
opinion of Chief Justice Waite in the Supreme 
Court laid down some important principles, say- 
ing: 

“There was no time specified within which 
the work must be done, neither was there any 
power reserved by the United States to direct its 
suspension. Under such circumstances, the law 
implies that the work should be done within a 
reasonable time, and that the United States would 
not unnecessarily interfere to prevent this.” 

“Here the work was stopped by order of the 
United States. Smith asked to be released from 
his contract, unless he could go on. This was 
refused until the expiration of sixty days. when 
he was allowed to resume. As between individ- 
uals, certainly, this would be considered an im- 
proper interference, and damages would be 
awarded to the extent of the loss which was the 
necessary consequence of the suspension. The 
United States must answer according to the same 
rule.” : 

“The United States can be required to make 
compensation to a contractor for damages which 
he has actually sustained by their default in the 
performance of their undertakings to him.” 

These two cases in the Supreme Court settled 
the basic principles on this subject and the rules 
there established in favor of contractors have 
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the entire period of suspension, for the increase 
in the price of labor after the contract term 
during a period equivalent to the period of sus- 
pension and for similar increase in other ex- 
penses during the same period. 

The United States made a contract for ex- 
cavating in the side channel of the Mississippi 
River, near Rock Island, and agreed to put a 
cofferdam across the head of the work and make 
the pool as “dry as reasonably practicable.” The 
cofferdam broke and delayed the contractors 
in completing the work. This delay continued 
so long that the army officer in charge notified the 
contractors that the pool would have to be flood- 
ed to save the dams from destruction during the 
winter aygd that he would “not continue the work 
this winter.” The contract term expired in a few 
days after this notice. Neither party sought to 
renew the work the next season, but the con- 
tractors entered suit in the Court of Claims. The 
court awarded them the profits which they would 
have made, had the government kept the pool 
dry enough for work, and the extra expense 
which was caused to them by reason of being 
obliged to pump the water out of the pool while 
they continued to work. 

The government made a contract for marble 
and brick work at the Memphis Custom House in 
1879; the work was suspended by the government 
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since been followed and applied in many other 
cases. 

The latter case affirmed a principle which the 
Court of Claims had already announced in a case 
arising under a contract made in 1855 for erect- 
ing the military post at Fort Gaines, Ala. The 
opinion in that case had made the important 
declaration that “It cannot be assumed that one 
party to a contract can wrongfully delay its per- 
formance without exposing the other to losses 
and injuries, for which the law affords redress.” 

What Damages Allowed—The general prin- 
ciple being thus settled that the government must 
answer in damages for losses sustained by the 
government’s delay or its interference with the 
contractor’s work, the next question is as to the 
basis for settling the amount of such damages. 
An examination of the decided cases will show 
what rules have been recognized and applied. 

In the case of the army post in Utah, the Court 
of Claims in fixing the damages said that it fol- 
lowed the rule of allowing the contractor “such 
damages as, with reasonable diligence and pru- 
dence on his part, would put him in the same 
situation at the end of the work that he would 
have been in if he had not been interfered with.” 

In the Alabama case, the Court allowed for the 
workmen who had to be kept under pay during 
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in July, 1879, on account of the prevalence of 
yellow fever and was not resumed for about a 
year and a half. Even before the suspension the 
contractors lost working days for lack of ma- 
terial which the government was bound to fur- 
nish. The*Court of Claims allowed the con- 


' tractors to recover for the pay of employees who 


were kept under pay unemployed during fhese 
lost days, for the advance of labor after the 
original period of the contract and for the cost 
of repairing and restoring the plant when they 
resumed work after the long delay. 

A contract was made for dredging the Dela- 
ware River in 1879 and the work went on until 
July, 1880, when the engineer in charge closed 
the work because the appropriation was exhaust- 
ed. The work was not resumed and the Court of 
Claims allowed damages for the suspension, giv- 
ing the contractor the profits which he would have 
made, had he been allowed to complete the work, 
less a deduction of the reasonable value of his 
care and superintendence during the period re- 
quired to complete the work. . 

A contract made in 1881 provided for the 
building of a dike in the Ohio River. Three 
thousand feet of sub-structure were to be built the 
first year. The contractor collected all the ma- 
terial necessary for the work of the entire season 
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and was prepared to put it into the dike. On 
September 27th an order was issued to stop the 
dike at 1,500 feet. The high water of the next 
winter washed away much of the material col- 
lected. He sued for damages resulting from this 
order of suspension and the court allowed for his 
personal services and for losses incurred by the 
washing away of his collected material. 

The government delayed for thirteen months 
the beginning of work under a contract for com- 


_pleting the United States Court House at Chat- 


tanooga. The contractors completed their work 
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Haven, already discussed, the contractors were 
delayed for eleven months and eighteen days by 
the failure of the government to furnish plans 
and specifications promptly and by errors in the 
plans when furnished. The Court of Claims, in 
giving damages on account of this delay, allowed 
.for the extra time of the foreman who was kept 
employed and the extra time of the contractor 
himself as superintendent, no other items of 
direct damage being proved. 

The contractors for building government 
wharves at Honolulu were delayed in beginning 
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and sued for damages. The court allowed them 
the loss due to the increase in prices of material, 
the expenses incurred by them during the period 
of suspension and the value of the personal ser- 
vices of the contractors themselves during the 
same period. 

In the frequently cited case arising at the St. 
Mary’s Falls Canal, the contractors’ work was 
suspended by the officers of the government in 
July and they were not permitted to resume until 
the close of September, when cold weather had 
set in and steam shovels could not be used for 
continuing the excavation. The contractors con- 
tinued the work by hand and the court allowed 
them the increased cost. 

In the contract for the Court House at New 


their work because the dredge contractors en- 
gaged by the United States did not finish 
dredging a work necessarily precedent to that of 
the claimants. The Court of Claims allowed 
them the value of the use of their machinery 
during the delay and the wages of the crew of 
six men employed and paid, less the amount 
earned during the same time. 

The latest case involving ‘suspension of work 
was decided by the Court of Claims in 1903. The 
Spanish War came on while the reconstruction 
of a pier of a bridge crossing the Potomac River 
at Washington was going on under contract. The 
new demands required a constant and heavy use 
of the bridge and the Secretary of War ordered 
the suspension of work under the contract. The 
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contractors gave up the work entirely and sued 
for their losses by reason of the suspension. The 
court allowed them the expenditures which they 
had made on the faith of the contract, less the 
amount realized by them by the sale of old 
material and the value of material remaining in 
their possession. 

Interference—Some cases have arisen where 
the government, instead of delaying the work by 
neglect or failure to meet its own obligations or 
suspending it by an express order, interferes with 
the contractor’s mode of carrying on his business, 
or stops his work entirely so as to hinder him 
in its execution. 

Thus a contract for work on the Des Moines 
River. gave authority to the government engineer 
to hire additional men, if the work was not pro- 
gressing satisfactorily, and the engineer notified 
the contractor during the winter suspension of 
work of his intention to proceed under this pro- 
vision. When the contractor arrived on the 
ground to resume work, he found that the en- 
gineer had taken his sub-contractor into the em- 
ployment of the government. The local inspector 
also forbade the contractor resuming work. The 
court treated both of these acts as an unlawful 
interference with the contractor and allowed him 
compensation for his losses. 

In the construction of the Naval Observatory 
at Washington, differences arose between one of 
the contractors and one of the inspectors, result- 
ing in an order that this particular contractor 
should not be allowed on the premises. The 
Court of Claims declared that this was beyond the 
lawful power of the officers of the government, 
but did not award any damages because of the 
failure of the evidence to present proper proof 
of loss. 

The contractors for improving the harbor of 
New Orleans spent a large amount of money in 
preparing to do the work, when the government 
engineer concluded that the plan of improvement 
would not succeed. The contractor was there- 
upon notified to cease operations and the contract 
was abandoned. The Court held them entitled to 
recover for the actual expenses incurred and 
stated that it would also have allowed for profits 
which would have been made had the contract 
been completed except that the proof failed to 
show that the contract would have resulted profit- 
ably. 

The Ordnance Department of the government 
made a large contract for gun cotton and shortly 
afterwards determined that they did not need 
the gun cotton at all. The contractor was there- 
upon notified that the government abandoned the 
contract. Upon suit in the Court of Claims, the 
cost of manufacturing gun cotton was shown and 
the Court allowed the contractors the difference 
between this and the contract price. This case 
is rather notable from the circumstances that the 
contractor, although asserting the loss to have 
been about $30,000, offered to the War Depart- 
ment-to settle with the United States for $10,000; 
that the War Department was willing to recom- 
mend $7,500; but that upon suit in the Court of 
Claims, where full evidence of the loss was taken 
subject to careful cross-examination, the court 
found the actual damages to have been $24,- 
NQ7ause 

Rule for Allowing Damages.—These cases all 
illustrate the conditions under which damages will 
be awarded for delays, suspensions and inter- 
ference and the items which are properly allow- 
able. In some of these cases the Court of Claims 
has stated the rule by which the damages will be 
limited. Thus in one case, after allowing the 
amount actually paid out and a salary to the con- 
tractor as superintendent, t.ey said that “These 
are the only items of damage which were the 
approximate ‘result of the acts of the defendants, 
the other items not being such as were within the 
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contemplation of the parties when the contract 
was entered into and are not, therefore, allow- 
able.” 

Similarly in another case they said: “The meas- 
ure of the damages to plaintiffs should be the 
actual and direct loss to them occasioned by the 
delay, as near as it can be ascertained, not re- 
mote or speculative damages that would not have 
been anticipated by the parties upon the happen- 
ing of the events that caused the delay.” 

The government in 1863 made a contract agree- 
ing to furnish hogs to be slaughtered and cured 
by the contractor for army use. The hogs were 
not furnished and the contractor sued for dam- 
ages for the government’s thus abandoning the 
contract. The Supreme Court sustained his con- 
tention and approved the rule for damages ap- 
plied by the Court of Claims: “The difference be- 
tween the cost of doing the work and what claim- 
ants were to receive for it, making reasonable de- 
duction for the less time engaged, and for re- 
lease from the care, trouble, risk and respon- 
sibility attending a full execution of the con- 
tract.” 

What Damages Not Allowed—Some particu- 
lar instances have occurred in which the Court 
of Claims has refused to allow items which the 
contractors considered proper damages for de- 
lays. In the case cited where damages were al- 
lowed under the building contract at Memphis, 
the court excluded the wages of men engaged by 
the contractors after notice of suspension and 
before notice of probable resumption, deeming 
such expense unwarranted. 

The Supreme Court of the United States had 
before it a case for damages under a contract for 
building a monitor in the Civil War. The dis- 
puted item of the claim arose out of the govern- 
ment’s delay, by which the time of work was 
greatly prolonged. It was asserted that prices 
had risen to such an extent that the execution 
of the work cost much more than contemplated 
by the contract. The evidence showed that the 
rise in prices was chiefly during the contract term 
and consequently that the contractor, even had 
he been permitted to finish during the contract 
term, would have finished the work at a great 
loss. The special statute under which this case 
was heard provided that the court could not con- 
sider any claim based on an increase of prices 
during the contract term and the court held that 
this limited its right to give relief. 

That this rule, if applied generally, where not 
required by a special statute, would work hardship 
is seen by an item of claim now pending before 
the Court of Claims in the writers’ practice under 
the contract for building the Boston Dry Dock. 
The contractors made early arrangements for de- 
livery of stone on a favorable basis and deliveries 
promptly began. The government would not in- 
spect the stone, would make no advances upon it 
and would not even furnish yard room for stor- 
age. For these reasons deliveries had to cease 
and when the government was ready to receive 
and inspect stone, the market price had risen 
enormously, to the contractors’ great loss. Claim 
is now made for the resulting loss. It would 
seem here that whether the rise were within the 
original contract term or not is quite immaterial. 

A somewhat hard rule was established by the 
Court of Claims under a stringent provision of 
statute in a case arising out of the contract for 
the construction of the Monadnock. This con- 
tract was made in October, 1875, and the vessel, 
without fault on the contractor’s part, was not 
completed until November, 1883, the delay being 
on the part of the government in furnishing 
plans and delivering materials. Payrnents were 
also delayed. The court allowed a large number 
of items of the direct loss on account of these 
delays, amounting to $129,811.45. During the 
pendency of the contract, by reason of the delays 
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in making payments, the contractor was obliged 


to borrow money and he paid interest on it, 
amounting to nearly $35,000. The Court of Claims 
held that the express statute forbidding it to allow 
interest was so broad that it not only could not 
allow interest upon money withheld by the United 
States, but could not even allow interest as an 
item of expense in estimating damages. 

Some doubt has been cast upon the correct- 
ness of this decision by a later case in the Su- 
preme Court of the United States, where interest 
was allowed under somewhat different conditions 
as an item of expense. The question may there- 
fore be considered as still open for consideration 
before the Supreme Court of the United States. 

Completion after Suspension—lf{ the contrac- 
tor upon a construction project completes his 
work after suspension, we have already seen 
that the courts allow him not only his contract 
price, but also any increase in the price of labor 
after the expiration of the contract term and 
other direct losses. If the contract is for the de- 
livery of materials or supplies, the Supreme Court 
has announced a different rule, which cannot in 
some aspects be reconciled with this. The de- 
cision was made in a case where a contractor 
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visions protecting the United States from the 
consequences of its own officer’s defaults. Of 
late years some of the river and harbor contracts 
of the War Department have contained express 
provisions like the following, designed to pro- 
tect the United States from the consequence of 
the delays of its officers: 

“Should available funds become exhausted, the 
contractor will be duly notified, and he is given 
the option to continue the work as rapidly as 
possible under the law and contract, relying upon 
future appropriations for payment, or to suspend 
operations until such appropriations are actually 
made and available.” 

“It is distinctly understood and agreed that 
the contractor assumes all risks, and that the 
United States is in no case to be held liable for 
damages under or in connection with this con- 
tract on account of delays in the work due to 
any cause or in payments due to lack of avail- 
able funds.” 

In the absence of such provision as the first 
of these, it was held in a case already referred to 
that the contractor could under certain conditions 


hold the United States responsible for his losses 


arising from suspension caused by exhaustion of 
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had agreed to deliver oats to an army post, dur- 
ing the Civil War, and the government had re- 
fused to receive them when delivered. At the 
expiration of the contract’ term, the contractor 
notified the quartermaster that the contract was 
at an end. The price of oats having advanced, 
the contractor lost nothing by the refusal to re- 
ceive his oats, as he could have sold them for 
more than the contract price. After this the 
quartermaster called upon him to complete the 
contract. The contractor objected, but delivered 
the oats and sued for the difference between the 
contract price and the market price when deliv- 
ered. The Supreme Court declared that in de- 
livering the goods under the contract, he de- 
livered them at the contract price and could get 
nothing more. This rule has ever since been fol- 
lowed and contractors for the delivery of sup- 
plies who wish to reserve their rights must re- 
fuse to go on with deliveries after the contract 
term or they will be presumed to have waived 
their right to a higher price. 

Special Provisions—All the decisions already 


cited in regard to delays and suspensions have - 


been under contracts containing no special pro- 


appropriations. This provision protects the gov- 
ernment against all such possibilities of loss. The 
constitutional right of Congress to control ap- 
propriations may justify this provision, although 
the contractor assumes an obligation which nat- 
urally belongs to the United States. 

Under the second provision the contractor, who 
must assume all liability on account of his own 
delay, a liability enforced-by stringent provisions 
for annulment as well as by penalties for delay, 
is actually obliged to assume sole responsibility 
for all delays, however flagrant, on the part of 
the officers of the United States. The provision 
is essentially unfair and calculated to repel con- 
tractors from taking government contracts. 

One-sided provisions like this which have crept 
into government contracts of recent years in- 
troduce an element of uncertainty which must 
repel many contractors from government work or, 
if they bid, at all, must greatly increase the 
amount of their bids. They tend to make gov- 
ernment contracts, instead of legitimate commer- 
cial enterprises, little more than, to use the lan- 
guage of a distinguished government engineer, 
“a gamble.” The lack of a sense of personal re- 
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“ sponsibility on the part of the officer in charge 
is often a serious embarrassment in governmental 
work and such provisions increase this evil. 

This provision has not yet come before the 
courts. When it comes it is easy to predict that 
it will be sustained as an agreement of the con- 
tracting parties within their power to make and 
therefore to be enforced as written, but it may 
further be predicted that the courts, recognizing 
its essential unfairness, will limit its operation 
strictly to its terms. Thus it will probably be 
held to include only negative delay and not posi- 
tive interference with contractors’ work or even 
direct suspension of work. 

Practical Rules——This chapter having been de- 
_voted to the discussion of rights arising out of 
‘suspension or interference by government of- 
ficers, practical rules of conduct for the guidance 
and protection of contractors under such con- 
ditions must be chiefly confined to a statement of 
the course to be followed when their rights are 
so invaded. 

1. The contractor should determine imme- 
diately upon his work being suspended or inter- 
fered with whether it is to his interest to aban- 
don his contract or to submit to the delay and 
continue the work. 

2. If he determines to abandon the contract, he 
should give immediate notice of it to the highest 
officer approving the original contract and such 
additional notice to subordinate officers in imme- 
diate charge as may seem necessary, stating clear- 
ly his reasons for so doing and announcing his 
purpose to claim damages. 

3. If he proposes to go on with the contract at 
the conclusion of the suspension, he should in 
good faith reduce his expenses in all possible 
ways during the period of suspension, since the 
courts will allow him only for absolutely neces- 
sary expenses. It is the part of prudence also to 
give like notice of his intention to claim damages 
for losses incurred. 

To this may be added one more caution: 

4. A contractor, before bidding, should always 
ascertain whether responsibility for delays on 
the part of government officers is cast upon him 
by the contract or specifications. If he is to be 
answerable for causes thus entirely out of his 
contract, he should then decide whether he will 
bid at all, and, if he determines to bid, whether 
an allowance must be made in the bid for pos- 
sible contingencies under such a clause. 

(To be Continued.) 


A HicH Rate or ComBustTIon is one of the 
principles often claimed as an essential to the 
best economy in the generation of steam. The 
idea is to reduce the proportion which the final 
temperature bears to the initial temperature of 
the furnace and thereby the proportionate amount 
of unused heat. To this end the plant is pro- 
vided with a tall chimney so as to get the neces- 
sary draft, and the number of boilers is reduced, 
thus throwing the desired amount of work upon 
each furnace. At the same time a feed-water 
heater is placed in the flue to absorb the waste 
heat and reduce the temperature of ‘the chimney 
gases to the lowest point attainable. With a 
given flue temperature it is apparent that the pro- 
portion which the lost heat bears to the heat 
generated is less the higher the furnace tempera- 
ture, and consequently as the furnace tempera- 
ture increases, the’ efficiency of the boiler in- 
creases. More than this, if in connection - with 
an increased furnace temperature there is a lower 
flue temperature, the gain in efficiency is twofold. 
Other things being the same, it is evident that a 
rapid combustion in the furnace is a condition 
which is favorable to economy where measures are 
provided for absorbing the extra heat thus 
generated. x 


~ this level being maintained a constant. 
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The Official Test of the Engines of the Sub- 
way Power Station, New York. 


In accordance with the terms of the contract 
between the Allis-Chalmers Co. and the Inter- 
borough Rapid Transit Co., governing the con- 
struction and operation of the nine double-cross- 
compound engines in the latter’s power station at 
soth St. and 11th Ave., New York, the former 
guaranteed certain operative results under speci- 
fied conditions, in effect as follows: 

Each engine was not to require more than 12.25 
lb. of dry, steam per indicated horse-power per 
hour when indicating 7,500 h.-p, at 75 r. p. m., 
with a vacuum of 26 in. at the low pressure 
cylinders, and with a steam pressure at the throt- 
tle of 175 lb., this rating to include all steam used 
by the engine or by the jackets or reheater. A 
further agreement governed in detail the conduct 
of the test, because of certain features peculiar 
to the case involving the essential point of the 
original contract. The swing of the generator 
lead, averaging approximately 12 per cent. in 
three seconds plus or minus, presented a prohibi- 
tive impediment to the use of the ordinary engine 
indicator as a standard for results. Thus the 
only method practicable was to obtain the devel- 
oped electrical horse-power of the unit and cor- 
rect this by engine friction and generator losses 
as determined by subsidiary tests, these tests 
becoming practically of primary importance, as 
indicated by results of preliminary trials. The 
final decision was to make friction determinations 
by two methods, an electrical and 4 continuous in- 
dicator method, the former to be considered deci- 
sive if checked within 10 per cent. by the latter. 

Following is a description of the conduct of the 
test proper and the subsidiary tests, classified as 
reported by the engineer in charge of each depart- 
ment of the test: 

Engine and Steam Readings. The engine des- 
ignated as No. 8, being so situated as to permit 
unit isolation from the rest of the plant, was 
selected as representative of the complete installa- 
tion. All steam and water mains and auxiliary 
lines in the unit were either entirely cut off from 
the rest of the house or separated by two valves 
and a bleeder or drip valve between. The unit 
as thus isolated consisted of seven boilers, the 
water ends of a boiler feed pump and a circulat- 
ing pump respectively, and the main engines. 

For weighing the total feed water as delivered 
by the supply line, four tanks, mounted in pairs 
upon two 20-ton scales,- with a capacity per pair 
of 28,000 lb. of water, were used. The delivery 
from the weighing tanks was to two reservoir 
tanks connected by equalizers, and then in turn to 
the boiler feed pump. For weighing of drips, 
leakage, etc., small scales and tanks were erected 
as necessary. Peabody throttling calorimeters 
were connected to the main line, in close prox- 
imity to the throttle, for use in case of wet 
steam. All gauges and thermometers were care- 
fully calibrated and standardized to the satis- 
faction of both parties. For the purpose of cor- 
recting for changes of level of the water in the 
boilers, scales graduated to tenths of an inch 
were placed close to each gauge glass, and a 
temporary walkway erected to facilitate readings. 
Floats indicated the level of the reservoir tanks, 
To elim- 
inate the use of the calorimeters, the steam supply 
was maintained at a constant low degree of super- 
heat, one boiler containing superheater coils and 
this operated as desired. Vacuum was main- 
tained at an average of 26 in. mercury. Due al- 
lowance was made for all known leakage and 
drips. Readings were taken at 15-minute inter- 
vals, an hourly graphical log being maintained. 

Electrical Readings and Determinations —The 
load on the engine was measured electrically by 
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means of four balanced three-phase integrating 
wattmeters of the induction type, connected to 
current and potential transformers, located at the 
terminals of the alternator, and connected as fol- 
lows: Three current transformers, one in se- 
ries with each of the three armature conductors, 
and two potential transformers, connected from 
phases 1 to 2 and 2 to 3 respectively. 

As the potential transformers were designed 
for use under closely defined conditions, and could 
therefore be accurately standardized by the mak- 
ers, their ratio, which is 100 to I, was assumed to 
be correct. In the case of current transformers, 
however, where the ratio is subject to change, due 
to changed secondary resistance, it was consid- 
ered desirable to re-check the ratios, which was 
done as follows: 

The generator was short-circuited with a stand- 
ard Kelvin ampere balance in series with the 
current transformer in phase 1, while a portable 
ammeter was substituted for the regular switch- 
board ammeter in the secondary side, thereby se- 
curing accurate measurement of the secondary 
current without altering the secondary resistance 
appreciably, while all other instruments having a 
current winding, which were to be used for the 
test, were included in the circuit. 

The generator was then run at full speed, and 
the excitation adjusted to cause the full load cur- 
rent of 263 amperes in the armature, which was 
found to be constant. During this period, 20 
readings of primary and secondary current were 
taken simultaneously by means of telephone com- 
munication between the readers of the Kelvin bal- 
ance and secondary ammeter. From these cor- 
rected readings the true ratio of transformation 
was calculated. It can be seen that this method of 
test, which is made under operating conditions, will 
correct for any error due to inductance in the 
secondary circuit, caused by running the current 
transformer leads in iron pipes, which could not 
be provided for in the original manufacturer’s 
ratio test. This tést was repeated for phases 2 
and 3 under similar conditions. 

The calibrating watts for the four balanced 
three-phase wattmeters were calculated from the 
corrected transformer ratios, and the meters cali- 
brated and adjusted by comparison with Weston 
standard wattmeters, the calibration of which will 
be described later. 

The meters were connected as follows: One in 
the secondary of the current transformers in 
phases 1 and 3 respectively, and two in that of 
phase 2, the object of this method being to show 
by the readings of the meters in the three phases 


- that the load was balanced, while the object of 


the two meters in a single phase was to furnish 
a continual check on the calibration of the meters. 
It was found that all meters agreed within their 
limit of precision, and results were therefore cal- 
culated from the average of the readings of the 
four meters, which was taken to be the true out- 
put of the generator in KwH. 

Friction Determination; Electrical Method.— 
The combined losses in the unit were ascertained 
by driving the generator as a synchronous motor 
with the engine trailing, and measuring the watts 
input, which it can be seen would consist of com- 
bined friction and windage, I°R losses and iron 
losses. As this input was too small to be meas- 
ured accurately by means of the four load meters, 
a special meter with its standardized current 
transformer was used. 

The unit could not be motorized for periods 
longer than five minutes because of the difficulty 
in lubricating the cylinders, which was not long 
enough to give a dial reading on the meter, so the 
meter during the short run was read by counting 
the revolutions of the disc, timing them with two 
chronograph watches reading to tenths of a sec- 
ond intervals in order to obtain the power factor, 
calibrating formula. During this period, the field 
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current was held at that value corresponding to 
full load excitation in order to make the iron loss- 
es the same as at full load, and was read on a 
Weston standard portable ammeter. Lhe arma- 
ture volts and amperes were also read at I0-sec- 
ond intervals in order to obtain the power factor, 
which, due to the over-excitation of the field at 
such small load, was low, averaging for the sev- 
eral trials 18.5 per cent. with a leading current. 
As the meter used for this test was calibrated at 
a power factor of I.0, it was necessary to check 
it on low values, and readings were therefore tak- 
en with a leading current at 10 points from o.I to 
1.0, and a curve plotted, showing the error, which 
curve was used to correct all readings taken on 
friction trials. To this corrected input, as the 
armature current was below full load value, must 
be added the difference between the IR losses at 
the observed value and that corresponding to full 
load current. From the above, the output of the 
generator plus the input to the generator motor- 
ized plus the difference between the I’R loss at 
motor current and the same at full load current 
equals the total load on the engine in kilowatts. 

Calibration of Meters.——The Kelvin ampere bal- 
ance used for ratio tests was compared with po- 
tentiometer and standard resistance. The am- 
meter for secondary current was compared with 
the current dynamometer, standardized by means 
of potentiometer and standard resistance. The 
current transformer for friction trials was check- 
ed by comparison with the Kelvin ampere bal- 
ance. The standard indicating wattmeters used 
for calibrating integrating wattmeters were check- 
ed by comparison with a Weston laboratory 
standard voltmeter, and potentiometer and stand- 
ard resistance. The Weston standard portable 
shunt and millivoltmeter was checked by com- 
parison with potentiometer and standard resist- 
ance. 

The work of calibrating the standards was per- 
formed by the Electrical Testing Laboratories of 
New York in all cases, and in addition, by com- 
parison with the Interborough Rapid Transit Co.’s 
own standards whenever possible, in all of which 
cases the same agreed within the limits of pre- 
cision of the instruments tested. 

Friction Determination by Continuous Indica- 
tor.—For this purpose, a continuous indicator was 
designed by Mr. W. L. Seabrooke of the Inter- 
borough, which instrument solved the problem 
of indicator application to the engine. Following 
is a short description of the device: 

This consists of two drums, A and B, turning 
freely on spindles CC, mounted on the mandrel 
D, which has a reciprocating movement in front 
of the indicator FE, the latter being of regular 
standard design except for the removal of the 
drum. A strip of paper winding on A from B 
passes over the plate F, thus presenting a flat re- 
cording surface. As the back-pressure line is 
traced, the ratchet G contacts with the toothed 
wheel under the drum A, causing it to rotate a 
fixed distance. This movement defines the dis- 
tance between successive cards, and can take place 
at any point of the stroke desired. As the back- 
pressure line is usually straight, no error is intro- 
duced and the cards present the same appearance 
as if taken singly. The operation is automatic 
and records a card for each revolution to the ex- 
tent of the paper supplied by the drum B. 

Using this device, two sets of indicator cards 
were taken on the engine running empty; one for 
a period of two minutes with an exciter current of 
165 amperes, and the other for a period of one and 
one-half minutes without the exciter. 

Leakage Test—A leakage test of the boilers, 
and boiler feed and steam lines to the engine 
throttle was made 36 hours subsequent to the offi- 
cial engine trial, and was of 24 hours duration. 
In connection with it, water was weighed and fed 
to the boilers by way of the reservoir tanks, as 
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in the engine test. Due allowance was made for 
all known leakage and drips, and correction inade 
for change in boiler level. 


REsuLts oF Friction Trrats (Electrical Method). 


Volts, armature by switchboard meter...... 10,510 volts, 
Amperes, armature by switchboard meter...119.6 amperes, 
Amperes, field by Weston standard....... 202.2 amperes. 
Kilovolt-amperes, armature................ 2,170. K.V.A. 
Powerctactort: ve ce dene ere ete einS «+ 18.55% 
Kew i GID UE Sacclibie c ohselere pee ein ra eae eee 402.5 kw, 
TARY OM PES Ws cette, 5+: 2s Le Re Cee hel tree 4.12 kw. 
TAR Sat Fall Toadic. iva ati-acy ee eee, Cree commer ee res 18.92 k.w. 
Total’ Tossesi 4 ..se.s,s0.5 ane omens sree i ome em ieee 417.3 k.w. 


Resistance of armature at 30° C............ 0.2877 z 
The value 417.3 k.w. is therefore added to all full-load 
output readings, to obtain total load on the engine, 
Resutts or Friction’ TRIAts. 
(Continuous Indicator Method.) 


With exciter current, engine empty.”....... 580.78 I.H.P, 
Without exciter current, engine empty...... 432,70... 
Resutts oF ENGINE TRIAL, DECEMBER 6, 1905. 

HD Abele) MRO RTE MN Ton cA Mae aie Oe bh arte hic So 15 hours 
Preliminary, operation on loads .osure ses elonlents 2 hours 
Load (switchboard reading). ..00......2..... 5079.2 k.w. 
Friction and ‘electrical losses. .05 i200 4. oace 417.3 k.w. 
AL Otal LOAGING viaseie a (hls Ria enciger ee een ree eee 5496.5 kw 
Indicated: shorse-power 2) panes aie are carn a aire 7365.3 
Revolutions per” sainwtes itccn ein ee ay ee oes 75.02 
Steam! pressure). gaugeate mien vecieet tite te cake 175.18 lb. 


R.-Hj ‘receiver. pressures. oe actinic aeueelaeeleer 19.1 lb. 
L.-H. receiver pressure. 5 

Vacuum . 
Barometer 


Continuous Recording Indicator. 


The tests were under the supervision of Mr. 
Frank N. Waterman, who acted as referee. The 
following represented their several companies: 
Interborough Rapid Transit Co., H. G. Stott, sup- 
erintendent motive power; J. Van Vleck, mechan- 
ical engineer; H. W. Butler, principal assistant 
engineer; Thomas Allsop, mechanical engineer, 
5oth St. station; C. W. Ricker, electrical super- 
intendent; G. F. Challis, instrument man; W. L. 
Seabrooke and W. S. Finlay, assistant engineers. 
Allis-Chalmers Co., A. M. Mattice, chief engineer ; 
Samuel Moore, district superintendent of érec- 
tion; T. T, Hubbard, engineer test; J. E. Lord, 
sales representative; C. A. Hoppen and C. J. 
Larson, construction department; A. F. Rolf and 
F. Buch, electrical representatives. 


Steet Barces for the coal trade on the Ohio 
River are rapidly coming into favor, a large num- 
ber having been introduced into the “short trade” 
between Pittsburg, Cincinnati, Louisville and 
Cairo, as well as into the “long trade” to Missis- 
sippi River ports. They are usually about 135 ft. 
long, 26 ft. wide and 8 ft. deep, having capacities 
of 15,000 and 16,000 bushels or 600 tons on a 
draught of 6% ft.; those for the long trade have 
been built 170 ft. long and hold 950 tons. They 
offer many economic advantages over the usual 
wooden construction, such as greater strength, 
less liability to leakage and an average life prob- 
ably three times greater. 
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A New Machine for Bending Tests. 
By E. Probst, Civ, Eng., Zitirich? 


The ever-increasing importance in recent years 
of tests of building materials and building con- 
struction, and especially of the experiments which 
have taken so prominent a place since the intro- 
duction of reinforced concrete, has given rise to a 
number of more or less successful testing ma- 
chines. One of these I wish to describe. It has, 
for three years, been in use in the Institute for 
the Testing of Materials in Ztirich, having beens 
built in accordance with the ideas of Prof. Schtile 
by Messrs. Amsler-Laffon in Schaffhausen, and 
combines unusual simplicity and precision with a 
number of other advantages over former ma- 
chines for bending tests. It should be mentioned 
that the machine owes its origin to the working 
out of the Swiss standards for concrete and re- 
inforced concrete, and that the first incentive for 
the building of this machine was given at the be- 
ginning of the work of the Commission chosen for 
these experiments, as it was a matter of impos- 
sibility to obtain accurate results with former 
machines. 

Former machines consist for the most part of 
an apparatus which causes a concentrated load to 
work at the middle of a beam in such a way 
that the beam under experiment is bent little. by 
little, until a breaking of the beam or a sinking 
of the load sets in, on account of excessive bend- 
ing, or flowing of the material. The concentrated 
load is caused by a ram which also has the effect 
of holding the beam fast at the points of support 
and at the point where the concentrated load 
works; this is, therefore, not a perfectly free sup- 
port. 

An experiment to overcome this defect in bend- 
ing tests was made by substituting for the middle 
edge, two edges symmetrical to the middle, which 
exert, by means of balance arms, equal forces on 
the beam to be tested. This provides a space 
between the two edges advantageous for the 
measurement of the strains, in consequence of the 
moments of bending remaining equal between 
these two points. 

The machine under discussion, working at the 
Swiss Testing Institute carries out the experi- 
ments in such a manner that it causes a uniformly 
distributed load. The most important parts of 
this machine are schematically illustrated in the 


' drawing. : 


The load is applied by seven pistons, with a 
variable distance from centre to centre, but 50 
cm, is usually advantageous, as in the .experi- 
ments at the Institute. In this manner the equal- 
ly distributed load per running meter is ob- 
tained by doubling the load working in one point. 
Pistons without friction are used for loading. 
Every press is provided at the bottom with a 
steel sphere; above are two tipping pieces, k, and 
ks. It is evident that each cylinder c will only 
exert a force along its axis, but that there is 
no side support of the beam under experiment 
at the point of contact with the load. By raising 
the load the beam is therefore assigned to its 
own stiffness against breaking on the side. The 
presses p are driven with Ricinus oil. Before 
the commencement of the experiment the pistons 
k must be placed exactly vertical, which is made 
possible by each cylinder possessing underneath 
four bolts, b, fitted with spiral springs. A pump 
driven by hand or motor and connected by pipes 
with the separate cylinders causes the raising and 
sinking of the pistons. The load is read off from 
scales, by means of mercury columns. Each ma- 
chine possesses two scales, one up to 3 tons, the 
other to 18 tons per press, so that a load of 126 
tons can be produced by this machine. 

The beams are supported on the edges, e, which 
are fitted in frames, which in its turn swings on 
its lowest part, with the result that the changes 
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* of strain in the fibers, supported at the ends, re- 
‘main without influence on the inner strains. 

The beam B to be tested is placed with great 
accuracy in such a position that all the forces 
can work exactly in the center plane, M, of the 
beam. Unless this is carried out with great pre- 

cision, the fault is noticeable shortly after the 
commencement of the loading in the distortion of 
the beam. After placing the beam in position on 
the cylinders, c, the axis of the body will fall in 
a vertical plane with that of the cylinders. The 
center line of the two edges must also fall in this 
vertical plane. Instruments for measuring the 


bending are applied in the middle and at both 
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The Cost of Power from Blast Furnace 
Gases. 


One of the most complete analyses yet made 
public of the cost of producing power from blast- 
furnace gas is given in a paper presented before 
the Western Society of Engineers on December 
20 by Mr. H. Freyn, engineer of the gas en- 
gine department of The Wellman-Seaver-Morgan 
Co., of Cleveland. He based his analysis on the 
conditions in a new plant of two 400-ton blast 
furnaces, situated in the immediate vicinity of a 
large city and having the ordinary facilities for wa- 


Details of Machine for Bending Tests. - 


ends, and the actual bending in the middle is the 
difference of the middle reading and the arithme- 
tical mean of the readings at the two points of 
support. The other arrangements for measuring 
the strains in certain parts of the beam are the 
same as for other machines. 

By raising the pistons, which are controlled 
according to a scale, the load is brought into 
action. The experiment can be carried on so far 
that a very large bending takes place. Absolute 
breaking is very seldom done by the machine; 
but this is quite irrelevant in beams under the 
influence of bending, since the question is to dis- 
cover the stiffness of the beam and not the break- 
ing-point. In our case, the span of the machine 
was 4 m.; from this it follows that the length of 
the beams to be tested can be nearly 4.30 m. By 
laying the beam on the pistons, without laying it 
upon the edges, the weight of the beam may be 
determined with a fair degree of accuracy, a dis- 
tinct advantage when large, heavy beams are in 
use. 

This machine is as applicable in practice as 
well as in the laboratories, and has the great ad- 
vantage that bodies of large dimensions can be 
tested, and that the load can be made to rise and 
fall in rapid succession, which is specially useful 
in determining the changes of strain by often re- 
peated loading. The equal distribution of the 
load over the whole length of the beam by. the 
pistons results in the deformations and changes 

- of strain of the whole body being readily seen, 
a fact of special importance in the testing of rein- 
forced concrete. 

Tests! have been made with the machine on 
rolled and riveted girders, as shown in the illus- 
trations. In the pictures, the measuring arrange- 
ments in the middle and at the points of support, 
as well as the measures for the strains are visible. 
Tests have also been made on Siegwart beams of 
reinforced concrete. At the preseni time, the ma- 
chine is being used for tests of reinforced con- 
crete, according to the rules of the Swiss Com- 
mission on Concrete. 
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of this blast furnace will be about 90 B.t.u. per cu. 
ft. The total quantity of gas available for the 
various purposes in this blast furnace plant 
amounts to 130,000 & 800 = 104,000,000 cu. ft. 
of gas per 24 hours or 4,350,000 cu. ft. per hour, 
having a total heat value of. 391,500,000 B.t.u. Mod- 
ern double acting gas engines of large capacity 
working on the four-cycle or Otto principle, built 
with the latest improvements and using high com- 
pression of mixture, consume less than 9,000 B.t.u. 
per brake horse-power per hour at full load cap- 
acity. The total quantity of gas produced by two 
blast furnaces of 400 tons capacity each, when used 
in gas engines for generating power, would oper- 
ate at least 391,500,000 + 9,000 = 43,500 h.-p. per 
hour. If, therefore, all the gas generated by'a blast 
furnace plant could be used for producing power, 
there would be available over 50 h.-p. per ton 
of pig iron produced per 24 hours. 

Hot Blast Stoves.—It is generally figured that 
about 30 per cent. of the total quantity of gas 
generated by the blast furnace is required for 
heating the blast, although this quantity varies 
considerably according to the quality of the gas, 
the design and construction of the hot blast stoves 
and according to the conditions of operation of 
the blast furnace plant in general. Very exhaus- 
tive tests as to the advantage of cleaning the gas 
for stoves and boilers have been made by Mr. 
Emil Hiertz, superintendent of the blast furnaces 
of the John Cockerill Co., of Seraing, Belgium. 
As far as gas consumption of the hot blast stoves 
is concerned he found that by using clean gas 
the temperatures of the stoves could be increased 
at least 200° F. This fact tends to decrease the 
quantity of gas necessary for obtaining a certain 
temperature in the hot blast stoves, so that in the 
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ter supply and for handling the raw and finished 
material. Assuming both furnaces in good opera- 
tion and assuming a coke consumption of 1,900 
Ib. per ton of pig-iron, there will be required 
800 < 1,900 = 1,520,000 lb: of coke per day. This 
quantity of coke produces approximately 110,000,- 
000 cu. ft. of gas in 24 hours, or, per ton of pig 
iron 110,000,000 + 800 = 137,000 cu. ft. of gas. 
The losses on the top of the furnaces may amount 
to approximately 5 per cent., so that 130,000 cu. 
ft. of gas per ton of pig iron produced in 24 
hours could be obtained. The average heat value 


future the percentage of gas to go into the stoves 
will be materially decreased. Assuming the figure 
of 30 per cent., the total quantity of gas neces- 
sary for heating the blast will be 4,350,000 0.30 
= 1,305,000 cu. ft. per hour. 

Gas Blowing Engines—A new blast furnace 
plant will, in the future, be equipped with one 
steam blowing engine for starting the blast fur- 
naces, unless gas producers should be installed, 
while the rest of the blowing engines will be oper- 
ated by gas engines. The quantity of blast re- 
quired will be 90 cu. ft. per minute per ton of pig 
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iron produced, or for 800 tons, 800 & 90 = 72,000 
cu. ft. of blast per minute. 

Assuming that all the necessary blast be fur- 
nished by gas blowing engines, the latter will nor- 
mally have to compress the blast to about 15 to 
18 lb. per square inch, but as it will be occasion- 
ally necessary to blow against a pressure of 30 
lb. per square inch, the gas blowing engines must 
be large enough to do this work. Figuring on a 
maximum pressure of about 30 lb., the work 
necessary to compress 100 cu. ft. of air against 
this pressure for adiabatic compression will 
amount to 8.65 h.-p. theoretical, or nearly 10 b.h.p. 
in the gas engine. As 72,000 cu. ft. per minute 
have to be compressed, 720 X 10, or 7,200 b.h.p. 
in gas engines must be provided for. The en- 
gines would, under these conditions, operate under 
full load. The heat consumption, as stated before, 
will be ess than 9,000 B.t.u. per horse-power- 
hour, but assuming that 9,000 B.t.u. one horse- 
power-hour will require 9,000 — 90 = 100 cu. ft. 
of gas, and 7,200 b.h.p. in blowing engines will 
therefore require 720,000 cu. ft. of gas per hour. 

Under ordinary conditions, the gas blowing en- 
gines will have to blow against only 15 to 18 lb. 
pressure. Taking the lower figure of 15 lb. there 
will be required 5,125 h.-p. per roo cu. ft. of blast 
theoretically, or approximately 6 b.h.p. per 100 cu. 
ft. in the blowing engines. For the total quan- 
tity of blast of 72,000 cu. ft. per minute, there will 
be required 720 X 6 = 4,320 b.h.p. The gas blow- 
ing engines are supposed to be ample in size to 
give a maximum of 7,200 b.h.p. They would, 
therefore, operate normally on 60 per cent. of 
their full load capacity. 

Auxiliary Machinery.—The power necessary for 
lighting the plant, for pumps, hoists, and all the 
necessary machinery for operating the blast fur- 
nace plant, could be assumed to be about 1.5 b.h.p. 
per ton of pig iron produced per day. This figure 
will take into account all the modern machinery 
with which an up-to-date blast furnace plant is 
equipped, and is certainly very conservative, as 
others estimate the auxiliary power to be far less. 
A. Ernst gives the figure of r h.-p. per ton of pig 
iron produced, Edward Uehling gives about 1.04 
h.-p., W. Oswald gives 1 h.-p., and the John 
Cockerill Co. about 1.05 h.-p. per ton of pig iron 
produced. At the rate of 1.5 h.-p. per ton of pig 
iron for auxiliary machinery, the total require- 
ments for the blast furnace plant of 800 tons will 
amount to 800 & 1.5 = 1,200 b.h.p. If this power 
be generated by gas engines and assuming a gas 
consumption of 100 cu. ft. per b.h.p.-hour, the 
total quantity of gas to be deducted for auxil- 
iary power purposes will be 1,200 * 100 = 120, 
000 cu. ft. 

Gas Cleaning.—It has been already indicated that 
a modern blast furnace plant will be equipped, 
in the future, with extensive gas cleaning ap- 
paratus, to cleanse all the gas produced by the fur- 
naces. Aside from the advantage of obtaining a 
higher temperature in the hot-blast stoves, thus 
decreasing thé quantity of gas necessary for heat- 
ing the blast and eventually decreasing the coke 
consumption per ton of pig iron produced, there 
is a decided advantage in using clean gas for 
heating the stoves, as the latter do not.require to 
be cleaned as often. 

That the clean blast furnace gas is by far more 
advantageous in its use, than dirty gas, is shown 
by an experience had at the blast furnace plant 
at Seraing. It required with dirty gas 3 hours’ 
time to get up steam pressure in a clean boiler, 
while by using clean gas, this time could be re- 
duced to 1% hours. It is a well known fact that 
clean gas burns far better than gas containing 
considerable quantities of very fine dust. 

In Europe, the centrifugal gas cleaning appar- 
atus invented by Mr. Edward Theisen is used al- 
most exclusively for gas cleaning plants. Ac- 
cording to the experience as indicated by Euro- 
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pean practice for cleaning the gas generated by 
the blast furnaces, it may be assumed that all the 
gas for our 80o-ton blast furnace plant is to be 
cleansed in Theisen gas washers of large capacity, 
to such an extent as not to contain more than 
about 0.5 gram of dust per cubic meter. The part 
of the gas for operating gas engines will be sub- 
jected to a further cleaning in Theisen gas wash- 
ers, which will bring down the amount of dust 
contained in the gas to 003 gram per cubic 
meter. 

In order to clean 10,000 cu. ft. of gas per hour 
to such a degree of cleanliness as to be suitable 
for the hot blast stoves, the Theisen gas wash- 
ers require about 1.25 h-p. The power neces- 
sary for cleaning the whole quantity of 4,350,000 
cu. ft. of gas per hour will therefore amount to 
435 1.25 = 550 -bip, sAs stated tbetore: 930 
per cent. of this clean gas goes to the stoves, 
leaving 70 per cent. to pass through the second 
series of Theisen gas washers. The power re- 
quired for the second series of gas washers will 
therefore amount to 0.7 & 435 * 1.5 = 460 b.h.p. 
and the.total power required for gas washing 
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poses, in round figures 2,000,000 cu. ft. of gas per 
hour. This quantity of gas at the rate of 100 cu. 
ft. per b.h.p. per hour would provide for 20,000 
b.h.p. Per one ton of pig iron produced per 
24 hours, there will therefore be available tor 
sale or for other useful work 25 h.-p. As found 
previously, the total quantity of gas generated 
by two 400-ton furnaces represents over 50 b.h.p. 
per ton of pig iron produced per 24 hours. 

The blast furnaces are subject to certain un- 
avoidable irregularities on account of which a 
“coefficient of safety’ must be introduced in the 
calculation for determining the available power 
from a blast furnace of a given capacity. This 
coefficient is of course extremely variable and de- 
pends largely upon the pig iron market (which 
might require a banking of the furnaces), upon 
the operation of the furnaces, the quality and 
supply of ore, coke, etc. With two blast furnaces 
only it would be perfectly safe to figure on the 
available horse-power from the gas of one fur- 
nace only, assuming this coefficient to be 0.5. The 
following calculation has been made on the as- 
sumption that an electric power plant of about 
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purposes will be 1,100 h.h.p. Gas dynamos will gen- 
erate the necessary electic current for operat- 
ing the electric motors of the gas washers. With 
a combined efficiency of 85 per cent., the required 
capacity of the gas engine will be about 1,200 b.h.p. 
and at the rate of roo cu. ft. of gas per b.h.p. 
per hour, there will be required for gas cleaning 
purposes another 1,200 X 100 = 120,000 cu. ft. 
of gas per hour. Figuring back on the tonnage 
of pig iron, it will be seen that the power re-~ 
quired for gas cleaning purposes amounts to about 
1.5 h.-p. per ton of pig iron produced in 24 hours. 
This figure coincides very nicely with the figure 
given by W. Oswald, of Coblenz, which is 1.6 h.-p. 
per ton of pig iron produced in 24 hours. 

Losses—In the piping for the engines, in the 
gas engines themselves and in the gas cleaning 
plant, about 5 per cent. of the gas required might 
be lost by leakage, etc. The total loss would, 
therefore amount to 0.05 X 960,000 = 48,000 cu. 
£63 

After deducting the quantities of gas neces- 
sary for the various purposes of the blast fur- 
nace plant there remains available for other pur- 


10,000 b.h.p. be installed first. The size of unit 
best suited for this power plant would be an 
engine of about 1,500 b.h.p. capacity. Seven gas 
engines of 1,500 b.h.p. rated capacity would 
develop 10,500 b.h.p. In order to meet emerg- 
encies an eighth engine as a standby or spare 
unit should be installed, so that the power plant 
in the beginning would consist of eight units as 
above. 


Cost or INSTALLATION AND FIXED CHARGES. 


Cost. Life. Charges. Total. 
Gas cleaning plant...... $33,500 8.31 yr. 16% $5,360 
Building and foundations 
for cleaners) s)05)- lace ,500 16.62 yr. 10% 650 
Ring east man seni 6,000 14.21 yr. 11% 660 
Engine building ....... 45,000 16.62 yr. 10% 4.500 
Engine foundations .... 26,000 16.62 yr. 10% 2,600 
Traveling moraines sia. 8,500 14.21 yr. I1% 930 
Eight gas engines...... 424,000 9.95 yr. 14% 59,360 
Complete piping ....... 24,000 14.21 yr. 11% 2,640 
Air compressor outfit.. §,000 I4.21 yr. ar% 550 
Complete elec‘?! equipm’t 162,500 9.95 yr. 14% 22.750 
Total wives Yond dies veges 741,000 Rie - 100,000 
Cost per b.h.p. (12,000 
hAp. ating) si. sae ar 1.60 
Cost per kw. (8,300 kw. 
HALIDE) AI oailo elvntaie mince 89.50 


Nore: Interest is figured at 5 per cent., insurance at I 
per cent., and depreciation at 4 to ro per cent., according 
to assumed life of items of plant. 


Generators of 800 kw. would, at the rated load 
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- .of the gas engines of 1,500 b.h.p., develop about 


1,000 kw. or 800 kw. plus 25 per cent. overload. 
At maximum load of the gas engines of 1,650 
b.h.p., the generators would carry 1,120 kw. each. 

Power Station—The part of the gas washing 
plant chargeable to the power house has to clean 
a maximum of 1,200,000 cu. ft. of gas per hour, 
provided all eight gas engines are in operation 
under full load: This quantity, which has previ- 
ously been cleaned with the bulk of the gas of 
the furnaces, can be cleaned by four No. 3 Thei- 
sen gas washers. A spare apparatus is not neces- 
sary, as in case of a shut down of one washer 
for cleaning or repairs, the three remaining 
washers will easily take care of the total quan- 
tity of gas. Each apparatus would be directly 
coupled to a 70 b.h.p. electric motor running at a 
speed of about 450 r.p.m. 

Between the gas main and the Theisen appar- 
atus, there should be inserted a pressure regula- 
tor which automatically shuts off the entrance of 
gas to the cleaning plant in case of a lack of 
gas, thus avoiding a vacuum in the main gas-con- 
duit, and consequently preventing the entrance 
of air into the latter, which might produce dan- 
gerous explosive mixtures in the pipe line. Each 
apparatus would deliver the clean gas into the 
water separator situated in front of the gas 
washer. These separators take out the water from 
the gas and deliver clean, cool and dry gas into 
a collecting pipe, which, in turn jis connected 
to the gas main situated around the engines. All 
piping for connections of the various items of the 
cleaning plant as well as all water piping is in- 
cluded in the price. 

A light steel frame building with brick walls 
and solid roof is sufficient to shelter the gas 
washers, their motors and the water separators. 
This building would be about too ft. long and 
30 ft. wide, and should be provided with a tray- 
eling crane of 5-ton capacity and 30-ft. span. 

Surrounding the engines and in the building 
there should be installed a ring gas main of 
about 4 ft. diameter, from which the engines 
take their supply of gas. This ring:conduit avoids 
all possible interference between the gas streams 
leading to the various engines and secures a 
uniform supply of gas. No connection between 
this gas. main and the gas cleaning plant has 
been considered in this estimate, as it depends 
upon the local conditions and arrangements. 

The building for the gas engines would be about 
85 ft. wide and 250 ft. long. It should be a steel 
structure with brick walls and slate roof, with 
hardwood floor and provided with runways for 
the electric traveling crane. 

Each 1,500-h.-p. gas engine requires about 10,- 
000 cu. ft. of concrete. The price includes foun- 
dations for eight engines and all the iron work, 
such as foundation bolt washers, girders, supports 
for piping, etc. 

An electric traveling crane of about 25 tons 
capacity and about 85 ft. span with main and 
auxiliary trolley would be required. 

The price as given for the gas engines would 
include all the necessary auxiliary apparatus, such 
as electrically driven barring devices, pumps oper- 
ated by the main shaft of each engine for circu- 
lation of water under pressure through pistons and 
piston rods, complete piping, etc. It would also 
include governors having special hand-operated 
regulating devices for synchronizing the engines, 
and fly-wheels of sufficient size, which, together 
with the revolving element of the generators, 
would assure such a close regulation as to syn- 
chronize and run the generators in parallel with- 
out difficulty. Modern double-acting tandem gas 
engines will give 1 b.h.p. on 9,000 B.t.u. or 100 
cu. ft. of gas, at full load; 10,000 B.t.u. or 112 
cu. ft. of gas, at three-quarter load; and 12,600 
B.t.u. or 140 cu. ft. of gas, at half load. 

The price of complete piping covers all the 
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piping for gas, air, exhaust, compressed air and 
water inside of the engine building and con- 
nections to the gas main and also includes two 
exhaust mufflers with stacks and compressed air 
tank on each engine. 

The air compressor outfit would consist of two 
electrically driven 2-stage air compressors hay- 
ing a capacity of 150 cu. ft. of free air per min- 
ute each, compressing against 150 lb. to the square 
inch. A main compressed-air reservoir with safe- 
ty valve and gauges is included in the price. The 
capacity of each compressor outfit would be ample 
to permit the simultaneous starting of two en- 
gines. 

The electrical equipment would comprise eight 
800-kw., three-phase, 25-cycle, 6,600-volt generat- 
ors, two exciter units, driven independently, the 
switchboard, and the complete wiring between 
generators and switchboard. 

Operation.—For cleaning 1,000 cu. ft. of gas per 
minute, the Theisen apparatus requires a maxi- 
mum of 12 gal. of water. The part of the clean- 
ing plant chargeable to the power house has to 
clean a maximum of 1,200,000 cu. ft. per hour, 


_ tequiring 345,600 gal. of water per day. At 10,- 
500 b.h.p. rated capacity of power plant, the 


requirements of cooling water for the engines 
will be about 2,154,000 gal. per day. This makes 
the total quantity of water per day, 2,500,000 gal. 
The blast furnace plant being supposed to be lo- 
cated near a stream of water, the cooling water 
could be provided from the pumping station of 
the plant at a very low cost of pumping, say at 
2 cents per 1,000 gal. At this rate, the total 
expenditure for water per day would be $50, or 
0.02874 cent per kilowatt-hour. At three-quarter 
load this figure will be 0.03514 cent, and at half 
load 0.04236 cent. 

According to actual performance of lafge gas 
engine power plants, the plant of 10,500 b.h.p. 
in operation, including electrical equipment and 
auxiliary machinery, will not consume more than 
2 grams of lubricants per b.h.p. hour, 1.2 gram 
of which will be cylinder oil at 35c. per gallon, 
and 0.8 gram engine oil at 20c. per gallon. The 
oil and grease per kw-hour at full load will there- 
fore be 0.02460c. At three-quarter load it will 
be 0.02922 cent. and at half load 0.04219 cent. 

Although the item depreciation and maintenance 
of the gas power plant covers certain repairs on 
the machinery, and as small repairs would have 
to be made by the operating personnel inside of 
their regular working hours, it is usual to figure 
om a separate item for repairs on machinery, 
providing for accidents which might require the 


replacing or repairing of certain parts of the ma-_ 


chinery. Experience with large power plants in 
Europe indicates that repairs of this kind do 
not exceed about 2% per cent. per year of the 
purchase price of the gas engines and generators. 
For the gas cleaning plant, 7 per cent. may be as- 
sumed, for the air compressor, 5 per cent., and for 
piping and crane 2 per cent. will cover necessary 
repairs on these items. The repairs per kilo- 
watt-hour will thus be 0.02834 cent at full load, 
0.03362 cent at three-quarter load, and 0.04852 
cent at half load. 

The power plant when running at its full load 
capacity will require the following attendants: 
1 chief engineer, $3,000; 1 assistant, $1,800; 8 
machinists for gas engines, $10,513; 10 helpers, 
$9,198; 2 machinists for gas cleaning plant and 
compressors, $2,190; 4 dynamo tenders, $3,942; 4 
switchboard tenders, $3,504; 1 bookkeeper and 
clerk, $1,200; total per year, $35,346. This is 
equivalent to 0.05566 cent per kilowatt-hour at 
full load, and by laying off some of the men, to 
0.06953 cent at three-quarter load, and 0.10020 
cent at half load. 

It is generally assumed in computations deter- 
mining the operating cost of a blast furnace gas 
power plant that the blast furnace gas has no 
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value, so that the item “cost of fuel” is generally 
omitted in such calculations. This, perhaps, 
might have been permissible formerly when the 
blast furnace gas was used in the condition in 
which it left the standard dry dust catchers con- 
taining immense quantities of dust, thus restrict- 
ing considerably the field of utilization of these 
gases. In modern blast furnace plants, all the 
gas will be subjected to a thorough cleaning pro- 
cess, which entails certain expenditures for in- 
stallation, power, maintenance,- and attendance 
for the gas cleaning plant. It is, therefore, only 
fair to appraise the blast furnace gas which is 
used for operating gas engines. 

Let us assume that the price of coal delivered 
into bins at the plant is $2.75 per ton, that the 
coal has a heat value of 13,000 B.t.u. per pound, 
and, further, that steam of 150 lb. pressure is 
raised by burning this coal under boilers. One 
pound of steam will then contain 1,225 B.t.u. from 
o° F. Assuming feed water at 79°, there would 
be required 1,155 B.t.u. to generate 1 lb. of steam 
of 150 lb. pressure. In a boiler plant having 65 
per cent. efficiency, 1,000 lb. of coal ‘could raise 
7,300 lb. of steam. The value of 1,000 lb. of steam 
would be 18.8c. To this must be added for labor 
and maintenance approximately Ic, per 1,000 Ib. 
of steam, making the total value 19.8c. 1,000 
cu. ft. of blast furnace gas have a heat value of 
90,000 B.t.u., and are equivalent to 51 lb. of steam, 
which in turn are worth 51 + 1,000 & 19.8 = Ic. 
The value of 1,000 cu.ft. of blast furnace gas 
would, therefore, be 1c. and will develop to h.-p.- 
hours. The value of the blast furnace gas con- 
sumed per b.h.p.-hour will therefore be o.1c. Fuel 
per kw-hour at full load is worth o.1448c., there- 
fore, 0.1629c. at three-quarter load and o0.1944¢c. 
at half load. 

Conclusions —From the above computations, it 
will be seen that a power plant of about 10;500 
b.h.p. capacity complete in every detail and in- 
stalled in connection with a blast furnace plant, 
would be capable, when running at full load cap- 
acity, of producing 1 b.h.p. per year at the low 
cost of $17.88, no value being placed on the blast 
furnace gas. The enormous saving as compared 
with the production of power in a steam engine 
plant is still more striking, when the cost of gen- 
eration of electric current is considered. Ac- 


OPERATING CHARGES OF PowrerR PLant, Per Horse-PoweEr- 
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PRO A aatareitstters xicratn zaNeleie! (0) Full % % 

Rixed (charges. oi 'i< alee $9.524 $12,500 $20.000 
NWArea Pek Wrotcn cso stars ararave: alpieveie lo 1.783 2.116 2.672 
OME SeReASe wis abteticie cs btiteseels 1.490 1.760 2.660 
PROGINS AS credion leva io archcth.s «3 1.714 2.025 3.060 
Wages, salaries .......... 3-366 4.187 6.320 
EPOEaE VOGEL ABOVE. sp.c-le ss aisle 17.877 22.588 34.712 
Beds ict.)5 sper hanete ere iarars itl ay axe 8.76 9.81 12.26 
CRG EAMAS Nets oh aeeiy custeeses%y ao patil 26.64 32.40 46.97 


cording to the above tables, one kw-hour at full 
load capacity of the plant could be produced at 
2.95 mills, which is away below the best figure 
ever reached with a steam engine power plant. 
Even under worse conditions, that is. when the 
power plant is running on an average of only 50 
per cent. of its total capacity, the cost of genera- 
tion of one kw.-hour is but 5.50 mills. It is evi- 
dent that an eventual increase in the capacity of 
the power plant would still tend to reduce the 
cost of the generation of power per unit, as cer- 
tain expenditures for the power plant of 10,500 
b.h.p. would remain unchanged for additional 
power units. 


A 5-Ton AuToMosILE CoA Truck has recently 
been placed in service by a large coal company in 
Chicago, for delivery of coal in the loop district 
of that city. It is equipped with a to h.-p. electric 
railway type of motor and has 40 storage battery 
cells which give a range of travel of about 30 
miles per charge. Six loads of 10,000 to I1,500 
lb. are delivered regularly per day with ease as 
against three to four of not over 8,500 lb. with the 
usual three-horse teams. 
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Mechanical Plant of the Hotel Belmont, 
New York.—III. 


Electrical Equipment.—The generating plant 
of the Hotel Belmont was described in the first 
article of this series. 
driven units, three of which are of 200-kw. capac- 
ity and the fourth of 150 kw. Each has a 
tandem-compound, medium-speed Fitchburg en- 
gine, direct connected to a multipolar, compound- 
wound, direct-current Western Electric gener- 
ator. The generators deliver at 120 volts, this 
lower voltage being preferred for hotel purposes 
to the higher voltages coming into quite general 
use in commercial buildings. The plant was given 
a considerable excess of capacity over average 
requirements, it being capable of carrying at rat- 
ing a total load of nearly fifteen thousand 16-c.-p. 
incandescent lamps or their equivalent. There are 
actually connected about eleven thousand lamps, 
and a motor load aggregating in all 252 h.-p., mak- 
ing the capacity of connected apparatus practically 
equal to the total rated generating capacity. 

Current is delivered from the dynamos by lead- 
covered, paper-insulated cables beneath the floor 
to a large marble switchboard at the Park Ave- 
nue side of the engine room, from which the dis- 
tribution system is controlled. This board con- 
tains two generator panels, one instrument panei, 
and six for the 87 feeders. Each generator panel 
has two field rheostats, two Weston ammeters, 
two I. T. E. circuit breakers and a voltmeter 
switch. The switching scheme permits either 
ammeter to be thrown on either generator, or 
both on one generator, the latter scheme being 
used in tests to compare the two ammeters. Of 
the six feeder panels, three are for lighting feed- 
ers and the others for both lighting and power 
circuits. The board was built by the H. Krantz 
Mfg. Co, for the Western Electric Co. 

The hotel is wired nominally on the two-wire 
system for operation exclusively from the single- 
voltage generators of the power plant, but has a 
large number of the feeder circuits arranged for 
operation on the three-wire system if this should 
become desirable. The latter consist of lighting 
circuits of approximately even loadings with the 
negative conductors joined into one cable of large 
size, which would form the neutral in case of 
three-wire operation. Nothing is saved by this 
for two-wire operation, but it is operative for 
either system and is of value for its adaptability 
to the three-wire system at any time. This has 
been applied to lighting circuits only. Of the 87 
feeder circuits, 22 are for power purposes, all in 
the basements with the exception of one feeder 
which rises 450 ft. to the deck house on the roof 
to operate the ventilating fans and’hand laundry 
machinery. The remaining 65 circuits extend to 
the panel boards throughout the building, from 
which the local distribution is made. The ar- 
rangement of the feeders supplying the upper 
floors of the hotel and their connections to the 
panel boards are shown diagrammatically in an 
accompanying engraving. 

There are 18 of the guests’ room floors sup- 
plied by the lighting feeders, each floor having 
38 rooms and a total of 445 incandescent lamps 
and 24 curling-iron heaters connected, and 16 
of the rooms have baseboard plug connections 
for extension cords. For their supply there are 
33 feeders carried up from the switchboard, which 
are divided into five groups leading to local panel 
boards in the different sections of the building, 
in order to reduce to a minimum the lengths 
of local circuits to the rooms. The building 
divides naturally into five sections, and in each 
there is a riser shaft carried up from the second 
to the twenty-first floor with openings into the 
halls for connections to the panel boards. These 


There are four engine- 
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risers and their sections of the building have 
been designated by the letters A, B, C, D and E, 
as indicated in the half plan of the typical bed- 
room floor and also in the feeder diagram. The 
principal feature of the wiring of these upper 
floors is that each feeder supplying room lighting 
is carried direct from the switchboard in the 
power plant up to the feed points, which consist 
in most cases of three panel boards upon con- 
secutive floors of the section served. The indi- 
vidual feeders enter panel boards on the third 
floor and every third floor above that one, and 
after passing through them rise to the two other 
boards of the group on the floors above, as shown 
in the diagrams. This plan is carried.out for 
all five sections and for all floors, except that in 
risers A, D and E, the eighteenth and nineteenth 
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of these supplies the greater part of the corridor 
lighting in its half of the building from the 
second to the tenth floor, while the other sim- 
ilarly serves the upper floors from the tenth to 
the twentieth, the third being a special circuit 
which extends throughout the entire building on 
either side to supply a limited number of all- 
night lamps in all corridors. The building laws 
of the city require gas jets in evety corridor of 
a hotel, and on every combination chandelier, G, 
placed in the corridors to meet this regulation, 
there is also a lamp on this special circuit. Both 
the regular corridor lighting and the special cir- 
cuits are controlled directly from the power plant 
switchboard, the former being carried through 
the evening, until at a certain hour they are 
cut off and the special circuit lamps lighted for 
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Wiring Diagram, Half Plan of Typlcal Guests’ Rooms Floor, Hotel Belmont. 


and the twentieth and twenty-first floors are fed 
in groups of two each in the order named in- 
stead of three. The method of carrying separate 
feeders to each group of three boards prevents 
the differences of drop that would occur if a 
greater number of panel boards were supplied 
per feeder. The design of the distribution sys- 
tem has been, in general, to secure a drop of not 
more than 3 volts from the generators to the 
panel boards, or of not over 4 volts from the 
generators to the farthest lamps. In practice, 
it is anticipated that these maximum drops will 
rarely be reached inasmuch as all lights con- 
nected will be rarely if ever lighted at the same 
time; where circuits are to be heavily loaded, 
feeder capacity has been provided to keep the 
drop under such conditions well below 4 volts. 
The hall lighting, which is supplied through 
risers B and C only, is entirely different, having 
three feeders in each to supply all corridors 
from the parlor to the twenty-second floor. One 


the all-night service. There are io special lamps 
on each floor, while the regular corridor lighting 
has 53 lamps upon 21 chandeliers, 10 of which 
have the gas and special circuits. The service 
corridor lights are supplied from the local lighting 
panel boards with switch control at each floor. 

The room lighting is in general wired upon the 
plan of one circuit for each room, although in 
cases of the larger and more important corner 
rooms there are two circuits; there are in all 43 
room circuits for the 38 rooms upon each typical 
floor. The longest room circuit from any panel 
board is less than too ft. in length. In all main 
rooms, and also bath rooms, the principal chan- 
delier is controlled by a switch at the corridor 
door, while in all the more important rooms in- 
dividual lamps in clothes closets are controlled 
automatically by door switches, which turn on 
the light whenever the door is opened. There is 
an electric curling-iron heater in every bath room 
and a side bracket lamp placed alongside the 
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bed location; where the latter is not provided, 
there is a baseboard plug connection for an ex- 
tension cord and portable lamp. All the local 
wiring from the panel boards is carried in “elec- 
troduct” with Krantz outlet boxes. 

Each guest’s room is jequipped with an elec- 
trolier in the center carrying from three to six 
lamps, and generally three single-lamp, side-wall 
brackets, 534 ft. above the floor, two located 4% 
ft. apart, for opposite sides of dressers or pier 
glasses and the other at the head of the bed 
location. The inside rooms have three-light elec- 


Deck House 
SOUTH WING 
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one lamp per each 36 sq. ft. of floor area, ex- 
clusive of the portable lighting that has been 
provided for. 

The total capacity of motors connected is 252 
h.-p., about half being for ventilating and fresh 
air supply fan drives, the former requiring a 
total of 38 h.-p. and the latter 85 h-p., or 123 
h.-p. together. There are over 40 h.-p. of mo- 
tors in direct-connected drives on laundry ma- 
chinery in the third basement, while in the kit- 
chen, bakery and storerooms, there is over 30 
h.-p, in motors for the driving of dish-washing 
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Feeder Riser: Diagram) for ‘Electric Lighting of Guests’ Rooms Floor. 


troliers, while the front rooms have 4 and 5 
lamps, and the corner room chandeliers 6 lights. 
In all bath rooms and in the wash-stand closets 
of rooms without bath there are two-light side- 
wall brackets, each controlled from a switch just 
inside the door. Illumination provided for the 
guest’s rooms ranges from one lamp to each 39 
sq. ft. of floor area up to one lamp to 22 sq. 
ft, the average being 33 sq. ft. The averages 
for the inside rooms run slightly higher than 
for those fronting on the outside inasmuch as the 
former are in all cases considerably. smaller. The 
total lighting of each typical floor, including bath 
room, closet and corridor lighting, amounts to 


machines, mixers, ice cream freezers and the like. 
The balance of the motor equipment is distrib- 
uted in small units in various sections of the 
building, including several motor-generators for 
low-voltage supply, battery charging. C & C mo- 
tors are used in most cases, each controlled 
through a small panel board located near it with 
double-pole fused switch and single-pole circuit 
breaker. 

Practically no arc lamps are used, with the 
exception of a few in the boiler and engine room, 
even the outside decorative lighting being accom- 
plished by incandescent lamps. 

The engineers for the electrical equipment of 
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the hotel were Clark & MacMullen, New York, 
who also designed the engine and generating 
equipment to which reference was made in the 
first article of this series. The contractor for 
the electrical installation, as well as also the aux- 
iliary electrical equipment, was the Western Elec- 
tric Co. All wiring has been placed in metallic 
conduit, for which there was used in all nearly 
263,000 ft. of electroduct, supplied by the Ameri- 
can Circular Loom Co.; of this the %-in. size 
predominated, there being over 210,000 ft. of it 
used; there was 26,500 ft. of the 34-in., and 11,000 
ft. of the 2%-in. size, the latter being mainly for 
heavy feeders. For the outlet connections, 10,- 
443 outlet boxes were installed, which, together 
with the panel boards, were supplied by the H. 
Krantz Mfg. Co., Brooklyn. For the wiring sys- 
tems over 620,000 ft. of insulated wire in the 
various sizes was used, of which 80,000 ft. was 
for the low-voltage auxiliary electrical service. 
Auxiliary Electrical Equipment.—In addition 
to the power and lighting equipment, a variety 


- of auxiliary electrical apparatus has been pro- 


vided. For communication between the guests’ 
rooms and the office, the usual private branch 
exchange telephone system will be used, but an 
innovation in it is the installation of a new type 
of flush instrument in the guests’ rooms, the 
cases for which are set in recesses in the walls. 
There are duplicate fire alarm systems, a watch- 
man’s time detector system, and electric clocks 
by which the time is accurately indicated in all 
parts of the building. Another innovation will 
be the extensive use of the telautograph for is- 
suing written orders to employees in all parts 
of the building, a new departure in hotel service, 
while it is also proposed to establish a wireless 
telegraph station on the building for convenience 
of the patrons. 


Current for this auxiliary. equipment is supplied 
by a low-voltage system of large capacity, con- 
sisting of a 10-kw. Western Electric motor-gen- 
erator, operating on the 110-volt power system to 
deliver 20 volts, and two 4o-amp.-hour sets of 
chloride storage battery of 10 cells each, which — 
may be used alternately or together or be re- 
placed by the motor-generator set, as desired. 
The connections are flexibly arranged to prevent 
a shut-down and permit of changing from one 
source of supply to another without interruption. 
The supply is usually taken alternately from the 
storage batteries, the discharged set being charged 
in the meantime ready for its next turn. 


The New York Telephone Co. is furnishing the 
hotel with one of the most complete private 
branch exchange systems ever installed, the 
equipment of switchboard, distributing frames, 
ringing, power and testing apparatus making the 
plant a complete central exchange in itself, inde- 
pendent of any assistance. The switchboard is 
located in the mezzanine gallery over the lobby 
and consists of two three-position sections. It 
provides for 960 local telephone connections in 
the building. There are 4o trunk connections, 
with capacity for more if needed, to the Thirty- 
eighth St. central exchange of the Telephone Co., 
and under maximum service from five to six 
operators will be required. The terminal plant is 
located on the laundry, or third basement floor, 
and has the distributing frames for both the local ° 
connections in the hotel and the trunk lines, the 
relay rack, fuses, the ringing machine, motor gen- 
erators and a set of storage batteries, in a sep- 
arate enclosed room. There is also a wire chief’s 
desk here, enabling all necessary testing to be 
carried out. 

All lines in the building, both from the ter- 
minal frames to the switchboard and to the va- 
rious instruments, are carried in conduit through- 
out, riser shafts being provided for this purpose 
alongside of all of the lighting feeder risers to 
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the upper floors. On every floor the risers have 
outlet boxes from which the branch connections 
to room instruments are readily made, the latter 
being also carried through conduit. The guest 
room telephones are of a very compact design 
arranged to set into the outlet boxes of the sys- 
tem, so that the transmitter and the receiver on 
its hook are the only parts projecting beyond the 
front surface of the case. The solid-back trans- 
mitter, together with all other details of the 
standard long-distance set, are used, the entire 
system conforming to the standards of equip- 
ment of the common-battery system now used by 
the company. 


There are two distinct fire alarm systems in- 
stalled, one communicating with the hotel office 
and the other connected with the city system so 
as to trip the nearest city fire alarm box. For 
the latter system, the Manhattan system of house 
boxes is used, one of which is installed on every 
bedroom floor and in all important sections of 
the building, so as to be easy of access. These 
are operated on the multiple open-circuit system, 
and in tripping the city alarm box are independent 
of the hotel office, other than indicating upon an 
annunciator the location of the house box pulled. 

The local hotel fire alarm system, which com- 
municates only with the office, has a glass-cov- 
ered push-button equipment, in which the glass 
must be broken in order to send the alarm. Of 
these boxes there are three on every bedroom 
floor and others distributed frequently throughout 
the building. These communicate with an an- 


nunciator board in the hotel office, so that in the 


event of an alarm the clerks in attendance may 
at once investigate the extent of the trouble in 
order to alarm the city department if necessary. 
There is installed in connection with these local 
alarms a gong system for alarming the guests, 
which is controlled by a compound switch in the 
hotel office. There are in the corridors upon 
the upper floors and in all more important por- 
tions of the buildings, 76 large electric gongs, and 
the compound switch permits any one of them 
to be rung separately, or in any grouping that 
may be desired. 

For the watchmen’s time detector service an 
Eco equipment is being installed, in which the 
usual magneto and crank type of station is re- 
placed by a special key switch, the watchman 
carrying the key for insertion at each station. 
There are 55 stations on the upper floors, their 
arrangement in the various corridors being such 
that the watchman cannot possibly visit all of 
the stations without entering or passing through 
every corridor. There are two stations on every 
bedroom floor, their arrangement being such that 
the watchman, after completing a floor, passes 
down the nearest end stairway in one of the wings 
and must thence pass entirely around the building 
in order to visit the furthest stations, a fortunate 
arrangement of corridors making this possible 
with not more than two stations per floor. 


An auxiliary to the telephone system has also 
been installed in the form of a bell call system 
for the employees, push buttons being located at 
frequent intervals in the corridors, lobby and 
lower floors, in order to permit them to com- 
municate signals to the office. For this there is 
a 100-drop annunciator in the office in the lobby. 


The system of electric clocks consists of an 
accurate mastér clock from which 26 secondary 
clocks are operated electrically in synchronism. 
The master clock, located in the office of the en- 
gineer of the building, is of the second-beat pen- 
dulum-regulated type and has a self-winding at- 
tachment by which rewinding of the mainspring 
occurs every minute as long as the 20-volt cur- 
rent supply is available, so that a uniform ten- 
sion is maintained constantly in the spring. The 
master clock has a mercurial-compensated pen- 
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dulum weight for the highest possible degree of 
accuracy in regulation. 

The secondaries are distributed in the sub- 
offices, one of which is located on every third bed- 
room floor, in the lobby, dining rooms, kitchen and 
other leading rooms. They are operated from the 
master clock in three separate series circuits, 
which are closed regularly once a minute by the 
master clock, causing the secondaries to fol- 
low it in one-minute jumps and thus keep in 
absolute synchronism. The secondaries have sim- 
ple magnet-operated movements, with a detent 
movement preventing the minute hand from ad- 
vancing either more or less than one minute, 
even in case of extreme variations of voltage of 
the operating current. Special ornamental effects 
have been adopted for the secondaries, one in 
the lobby having a 20-in. marble dial with gold- 
plated hands and numerals, while another in 
the office has a plate glass dial with black back- 
ground and gilt hands and numerals; those upon 
the upper floors are finished with mahogany cases 
to correspond with the woodwork. This equip- 
ment of clocks was supplied by the Standard 
Electrical Time Co., Waterbury, Conn. 

The telautograph system, which is to be in- 
stalled, provides for autographic communication 
between the main office and all sub-offices on the 
upper floors, in the café, restaurant, kitchen, 
laundry, engine room, 41st St.. receiving office, 
and other places. .Each line from the office will 
have both a receiving and transmitting instru- 
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Underpinning Brooklyn Stores. 


The excavation for one of the stations of the 
Brooklyn branch of the New York Rapid Transit 
Railroad is made on both sides of a four-track 
subway and has a length of about 350 ft. and 
depth of 23 ft. It occupies nearly all the space 
between the building lines in front of a number 
of stores on opposite sides of the street and ex- 
tends so far below their footings that the front 
walls have had to be underpinned and some ex- 
cellent and interesting work has just been done 
in building the new foundations and in sustain- 
ing the old walls and columns during the opera- 
tion. 

The large stores at No. 450 and 452 Fulton 
street are four and five stories and basement im 


Y N 


WUUIN 


38x31 Fier- 


| ine 


ment for written communication in either direc- 
tion, but no provision is to be made for inter- 
connection of the various lines centering at the 
office, it being required that all such messages 
pass through the office. These instruments will 
operate on the 110-volt current supply from any 
lighting outlet, three wires being necessary he- 
tween the office and each station. 

(To-.be Continued.) 


A Compinep HortzonTAL AND VERTICAL EN- 
GINE of the compound Corliss type has recently 
been built for the Tennessee Coal, Iron & Railroad 
Co. by the Mesta Machine Co. of Pittsburgh, Pa. 
It has a 44-in. horizontal high-pressure cylinder 
and a 72-in. vertical low-pressure cylinder with 
a common 60-in, stroke and at 85 r. p, m., one-half 
cut-off, and 150 lb. steam, develops 6,500 i. h.-p., 
its maximum capacity being. 10,000 h.-p. It drives 
a rail mill at Ensley, Ala. 
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Plan and Sectional Elevations Showing jUnderpinning Methods. 


height and have brick walls carried on steel 
beams supported by columns and piers. ‘Their 
separate footings were carried down about 4 ft. 
below the floors of the cellar and sidewalk vaults 
and about 11 ft. below the level of the curb and 
were seated on a deep stratum of fine, dry sand. 
Where the two buildings are adjacent their front 
corners have rectangular brick piers about 4 ft. 
and 3 ft. square respectively, with the sides on 
the lot line in contact, but not bonded together. 
The pier masonry was however, bonded into the 
thin brickwork of the front and party walls 
which intersected them at right angles, thus form- 
ing a double pier which is T shape in horizontal 
cross section with the walls. 

The vault floor was removed, an excavation 
made under it 2 or 3 ft. to solid, dense sand, and 
on it a timber crib was built close to the face 
of the basement wall about 6 ft. each side of the 
center of the double corner pier. Similar piers 
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were built symmetrical with these on the base- 
“ment floor inside the wall and on each pair of 
‘cribs were leveled up two 20-in. I-beams 1414 
ft. long parallel and close to the face of the wall. 
A horizontal slot or recess about 11 in. high and 
10 in. deep was cut across the outer transverse 
face of the pier in the five-story building, a 
somewhat smaller one was cut across the oppo- 
site face of the adjacent pier and a 9xo-in. hole 
was cut through the wall on the center line be- 
tween the two piers. Through the 9xg-in. hole 
was passed a pair of horizontal 8-in. I-beams; a 
pair of 10-in. I-beams was fitted into the first slot 
in the side of the pier and a single 1o-in. I-beam 
was placed in the other outside slot. The spaces 
between the ends of the webs of the two pairs of 
I-beams were temporarily closed and grout was 
‘run in and filled the rectangular space enclosed 
by webs and flanges, thus making a solid needle 
beam. The ends of the three needle beams were 
wedged to bearing on the 20-in. I-beams and hy- 
draulic jacks were operated in the cribwork under 
the ends of the latter until they bore the full 
weight of the piers and commenced to lift them. 

A pit 8 ft. square was then started between 
the cribs and under the wall and was carried 
down about 6 ft., sheeted with horizontal planks 
worked in from the bottom, and suspended from 
above. A second pit reduced to 5x6ft. was started 
in the bottom of the first pit and carried down 
to a depth of 12% ft. below the basement floor, 
or to the level of the bottom of the subway ex- 
cavation, and was sheeted like the upper part. A 
IOx10-in. timber with the ends secured to the 
projecting ends of the needle beams by loops of I- 
in. chain was first worked horizontally under the 
footing. The chair was provided with 
pairs of long turnbuckles and wedges with 
which it was brought to a good initial tension. 
The lower part of the pier was also braced by 
an inclined timber and the excavation was com- 
pleted and a new concrete footing built in the 
bottom of the pit. A brick pier was built on the 
footing and pairs of granite templates on it were 
wedged to bearing against the under side of the 
sound masonry of the old pier and thus trans- 
ferred the whole pier and column load to the new 
footing which after some delay to allow for 
settlement and compression was grouted up and 
the pit back-filled. There are in all about 30 
single and double piers in this locality which are 
being underpinned in substantially the manner 
here described by an average force of 10 men 
who did all the work for a single’ pier in a mini- 
mum time of about 5 days. 

The work is being done by Cranford & McNa- 
mee, the contractors for the subway construction 
at this point. Mr. R. N. Cranford is in charge 
of the underpinning. 


A Hien Cuimney has recently been built in 
Newark, N. J., for the Heller & Merz Co. It is 
350 ft. high, 2714 ft. in diameter at the bottom and 
9 ft. 10% in. at the top, the inside dimensions be- 
ing 20 and 8 ft., respectively. It is built of brick 
with concrete foundation, and outside of its 
height its most interesting feature is the heavy 
piling for supporting the foundations. The site 
of the chimney is covered by 4 ft. of miscellane- 
ous filling underlaid by 6 in. of semi-peat and 18 
in. of clay. Below this are 10 ft. of sand and 
below this soft clay to a depth of 60 ft. below 
the surface. The concrete base, 14 ft. thick, 
contains about 800 cu. yd. of concrete and rests 
on 324 yellow pine piles. These were 60 ft. long 
before cutting off and placed on 214 ft. centers 
over an area 45 ft. square. They were cut off 
from 3 to 10 ft. after driving, and their tops are 
embedded 1 ft. in the concrete base. This stack is 
within to ft. of the height of the chimney of the 
Orford Copper Co., Constable Hook, N. J., de- 
scribed in this journal Tan. 26, 1901. 
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Book Notes. 


The importance of high-temperature measure- 
ments in scientific and industrial work at the 
present time is shown by the fact that it has 
been necessary to bring out a second edition of 
Dr. Burgess’s translation of Le Chatelier and 
Boudouard’s “High Temperature Measurements.” 
Since the appearance of the first edition there 
have been great advances in optical pyrometry, 
and this portion of the book has been much 
enlarged in consequence, a chapter on radiation 
being inserted in order that the laws employed 
in this class of apparatus may be properly under- 
stood. In the high temperatures attained in elec- 
tric furnaces, resistance pyrometers cannot be 
employed, and the optical instruments become in- 
dispensable. They are comparatively new, how- 
ever, at least in commercial work, and there 
are some features concerning them which it is 
unfortunate that this book does not clear up, 
such as the accuracy of the instruments when the 
interior of the furnace contains vapors which 
may cut off a part of the light. The book will 
be found of much value by engineers who have 
to make high temperature measurements, as it 
gives a concise explanation of the principles and 
apparatus employed in such work. (New York, 
John Wiley & Sons; $3.00.) 


One of the most interesting books written by 
an engineer since the appearance of Mr. Wil- 
liam Barclay Parsons’s account of his railway 
surveys in China is the “Thibet and Turkestan” 
of Lieut. O. T. Crosby. The author attempted to 
reach the Forbidden City, but actually did not get 
very close to it. He left Polu on the border of 
Chinese Turkestan, but after a series of misfor- 
tunes became lost in the White Desert, in the 
extreme northwest corner of Thibet. Here he 
was found by some friendly Kirghiz, who refused 
to help him toward the Lhasa, but assisted him 
in reaching Kashmir, where he gave up the at- 
tempt to reach the heart of Thibet and went 
over the Srinigar Pass to Rawal Pindi and the 
railways of civilization. While these travels 
were not particularly interesting from their geo- 
graphical results they showed the hazards of ex- 
ploring in that part of the world and the ac- 
count of them is entertainingly told. A large 
part of the book is a discussion of political topics 
relating to Thibet. The author believes that 
Great Britain has not been well informed by her 
advisers who said that India could be defended 
against a northern invasion by establishing out- 
posts in Thibet. He also looks with apprehen- 
sion on the infringement of Chinese authority 
by the advance on Thibet, holding that Russia 
will be forced to make similar advances in Chi- 
nese Turkestan, and the Celestial empire will 
be accordingly threatened from the West by two 
powers whose mutual distrust of each other 
may lead to serious international complications. 
The resources of the country, so far as export 
and import business is concerned, are declared 
to be almost nil. (New York, G. P. Putnam’s 
Sons. ) 


One of the best discussions of hollow concrete 
block construction in all its details is Mr. S. B. 
Newberry’s “Concrete Building Blocks,” which 
has just been published for free distribution by 
the Association of American Portland Cement 
Manufacturers, Land Title Building, Philadel- 
phia. This valuable paper was presented by the 
author before the Association some months ago, 
and an abstract of it has already appeared in 
this journal. It has been revised for publication 
in this pamphlet, and is a reliable guide for a 
class of work where good guidance is much 
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needed. The author first explains those proper- 
ties of sand, gravel, cinders, stone screenings, lime 
and cement which must be considered in pro- 
portioning concrete for blocks, and discusses the 
effect of different proportions of the ingredients 
on the strength, permeability and cost of the 
blocks. Some valuable hints on mixing are then 
given. The types of concrete block construction 
are explained and there is an unusually full 
account of the method of securing waterproof 
properties by the use of properly graded ma- 
terials, rich mixtures, facings, impervious parti- 
tions, and special compounds. The cost of con- 
crete blocks is discussed in general terms, and 
some good hints are given concerning the design 
of buildings made of these blocks. Mr. New- 
berry points out that anything which savors of 
imitation, of pretending to be what it is not, will 
always be hated and condemned by all who know 
the difference between the good and the bad. 
The common rock-faced block is an imitation of 
the cheapest form of quarry stone, and a poor 
imitation at that, he says, for no two natural 
stone blocks are alike in surface. Smooth, ribbed 
and paneled surfaces, also good ornamental pat- 
terns for friezes or cornices, are entirely legiti- 
mate and equally characteristic of stone, metal, 
terra cotta or concrete. Forms of beauty may 
properly be reproduced in any material; the only 
thing to be avoided is pretence, the attempt to 
deceive the observer into the belief that the ma- 
terial he sees is something different from what 
it really is. Mr. Newberry acknowledges that 
the film of cement which coats the face of the 
work: is monotonous and unattractive, but he 
says that it can be cheaply removed by washing 
with very weak acid; this will give beautiful ef- 
fects, especially with crushed stone or gravels 
containing pebbles of various colors. 


‘Hyprautic Macuinery. With an Introduction 
to Hydraulics. By Robert Gordon Blaine. Lon- 
don, E. & F. N. Spon; cloth, 459 pp., 14s. 

When the first edition of this book was pub- 
lished it was reviewed at some length in this 
journal, and it is therefore hardly necessary to 
explain again its encyclopedic character. It is 
essentially a description of all classes of hydraulic 
machinery, and of many types of each class. 
These descriptions are not of the nature of trade 
catalogue notices, but real explanations of the 
principles of the action of the apparatus and in 
many cases of the chief steps followed in their 
design. The first portion of the volume is a 
somewhat more complete explanation of those 
hydraulics used by the designer of 
hydraulic machinery than is customarily givem 
in books of this class. For example, there 
is. a discussion of the critical velocity at 
which there is a change in the law of 
flow of liquids, and Prof. Osborne Reynolds’s 
experiments illustrating the subject are described. 
The portion of the book relating to weir meas- 
urements is. unusually complete, so far as it re- 
lates to British studies on the subject, and an 
example of the method of working out the maxi- 
mum power of a given fall, based on actual data, 
is solved step by step. 

The portion of the book relating to hydraulic 
machinery describes water meters, jet propul- 
sion, reaction wheels, water wheels, centrifugal 
pumps, turbines, turbine power installations, hy- 
draulic presses, hydraulic transmission of power, 
hydraulic cranes, elevators, hydraulic motors, and 
hydraulic machinery employed for special pur- 
poses like the operation of dock gates, riveting 
machines, bridge machinery and other heavy ob- 
jects. There is also a short section on pumping 
machinery, the pulsometer, the hydraulic ram 
and other devices for lifting water. Two of the 
best portions of the book relate to centrifugal 
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Their theory is presented 
in considerable detail and the principles of de- 
sign are stated quite fully. Considerable space 
is given to descriptions of some recent American 
installations of turbines and to governing ap- 
paratus. 


pumps and turbines. 


Letters to the Editor. 


Notes on MaArsH Roaps anp Harr Cracks IN 
CONCRETE. 

Sir: In your issue of Dec. 16 there are two 
questions raised, one by Mr. Saunders’ letter 
on difficult meadow road construction and the 
other by the article on hair cracks and crazing 
of concrete. Several years ago there came under 
my observation a difficult piece of work in the 
carrying out of which a more serious difficulty 
than Mr. Saunders cites was overcome very sat- 
isfactorily. The “Valley R. R.,” in San Joaquin 
Co., Cal., now the “Santa Fe,” surveyed a cut-off 
Stockton to the hills back of Oakland. 
Several miles of this route was over the tule 
land, which is virtually floating land. They at- 
tempted to put in a trestle, but piling 125 ft. 
long went out of sight in the bottomless blue 
mud. They finally hit upon the plan of binding 
into mattresses or fascines, with wire, the small 
willow brush found along the right of way. They 
were spread in a uniform binding plan across the 
right of way and a stringer to support the ties 
and rails was laid parallel with the road. Dump 
cars were pushed onto this and enough dirt was 
brought up and spread to permit flat cars to be 
pushed with an engine. In this way a fill was 
gradually made with a 2 to 1 slope. In some 
places, where there were old estuaries or water 
courses, perhaps, there was an appreciable squash- 
ing out and settlement, but in the main it was 
an easy matter to carry the construction along’ to 
a successful completion. 

I think the first time I saw this method car- 
ried out was by Mr. J. S. Polhemus, in govern- 
ment work on the coast of Oregon, where a heavy 
rock fill, with some stones of 4 -or 5 tons in 
weight, went out of sight faster than they could 
dump it from the piling jetty, owing to the 
heavy current and shifting sands. By using the 
brush method they overcame this difficulty and 
it was only a year or two until the barnacles and 
other sea growths aided in uniting the whole thing 
together and now the jetty is a permanent quay 
on a sand, and shifting sand, too, foundation. 

In Mr. Moyer’s article he comes to the conclu- 
sion from his own as well as other investigations, 
that “mortar, composed of one part Portland ce- 
ment and three parts sand, shows an expansion 
but less in proportion than neat cement.” I 
maintain that the desired result cannot be -se- 
cured by the average mixing and chemical set- 
ting alone, but that it is by or through a thor- 
ough manipulation of materials. A hard - coat 
finish in plastering, unless the putty and plaster 
are thoroughly worked before applying and well 
“darbied” and “floated” before troweling, will 
“craze,” no matter how rich the mixture, Like- 
wise in cement sidewalk work. I will take a 
“lay” of walk and finish it with no “crazing,” 
and alongside it I will make another piece that 
has the same proportions of material, or even 
less cement, or more, either way, and it will be 
so “crazy” that no one would accept it. It is 
in the crowding or kneading effect of the trowel 
in spreading and the whipping with the trowel, 
before the final stroke, that removes all excess 
air, and, as I figure it out, “tempers” the aggre- 
gate much on the same principle as that used by 
the painter, when he has. occasion to add a little 
lead or whiting to soft putty. This is shown still 
more completely in the use of willow fibre plaster. 
If you attempt to float it dry, as you would ordi- 
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nary lime and sand mortar, you will not get the 
finish that you will by adding an excess of water 
and working it until you raise a cream, and then 
floating lightly until all water creases are worked 
out and a perfect finish secured, which will not 
craze, pipe or sand. These things I have learned 
by personal handling of the tools as well as 
materials. 

In concrete work, I use a sloppy cement grout, 
not so wet that the water will run off as a stream 
and carry with it fine cement and sand, but so 
wet that the concrete will tremble. Then in plac- 
ing it I always crowd the fine aggregate toward 
the outside or next the forms and then, in case 
of facing, I use a 3 to I mortar, not too fine a 
sand, and use a good deal of water. I try to 
raise a cream, but not float it down with a trowel, 
preferring to rub it out or brush it out to a 
finish. : 

I desire to commend the writer of the letter 
who recently recited his experiences with Ameri- 
can methods of concrete work, especially along 
the line of waterproofing. I have come to the 
point where I am considered an expert in this 
class of work, but it is simply because I pay close 
and careful attention to details. Too much at- 
tention is paid to the stresses in members in de- 
sign and not enough to the characteristics of the 
constituent materials and their manipulation. The 
most exacting specification and careful handling 
will not prevent a failure from any one of several 
causes, such as hard water, slickness in sand or 
gravel, too dry a mixture, careless tamping, put- 
ting too much material into the molds at once 
and trusting to a top tamping to do the work, 
bonding new to old work, or slipping up or “dove- 
tailing” the work. Yours truly, 


Yreka, Cal. J. F. Lyman. 


SuBpwAy RAiLRoAD VENTILATION IN LONDON. 


Sir: The accounts that have appeared in your 
paper regarding the condition of the air in the 
New York Subway railroad make it probable that 
the experience on this side in our tube railroads 
Our tube lines 
are not like your subway, with its single wide 
multi-track thoroughfare, broken only by longi- 
tudinal rows of columns, for here each line con- 
sists of two parallel circular, single-track tun- 
nels,.one for the down trains and one for those 
moving in the opposite direction. The cars fit 
these tubes so closely that they act as pistons 
in moving the air. In the case of the City & 
South London road, which was first opened and 
is not carrying very heavy traffic, the movement 
of the air effected in this way keeps the condi- 
tion of the cars and stations fairly satisfactory, 
although, of course, there will always be free- 
born Britons who will exercise their prerogative 
of complaining of every condition in such a road. 

The situation has not been so satisfactory in 
the tunnels of the Central London Ry., which car- 
ries a heavier traffic. Although the piston effect 
of the trains is said to give the air in the tun- 
nels a velocity exceeding 20 ft. per second at 
times, it becomes very dead during the times of 
heavy traffic. In order to remedy this condition, 
a large mine fan was installed at the Shepherd’s 
Bush terminal of the line. After the trains stop 
running at night, all the station entrances are 
closed and this fan is started up, sucking in air 
at the Bank terminal station about 6 miles dis- 
tant. In this way the whole tunnel is filled with 
fresh air before the trains begin running in the 
morning. It is only a partial remedy, for expe- 
rience shows that the amount of air entering the 
stations by natural means during the hours of 
operation is not enough to overcome the foulness 
that follows the use of the railway. It is stated 
that the amount of carbon dioxide in the air never 
reaches the so-called normal allowance of 13 
parts per 10,000, but there can be no question that 
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the air becomes exceedingly unpleasant to breathe. 

Other methods of ventilating are being intro- 
duced, On the Great Northern & City Ry. the 
system of shafts which has been used to such 
advantage on the Mersey tunnel has been adopt- 
ed. Ordinarily it is too expensive, not only on 
account of the cost of constructing such deep 
shafts as are needed to reach our London tube 
railways, but also because the surface rights for 
their outlets would ordinarily be very expensive. 
In the case of the railway named, advantage has 
been taken of the presence of a feeder cable shaft 
at the site of the power station to furnish such 
a means of ventilation. ‘ 

The most interesting remedy that has yet been 
tried is that of the Baker St. & Waterloo Ry., 
where Mr. J. R. Chapman, the chief engineer, has 
provided at the vertical stairway shaft of each 


station a large exhaust riser running up to an 


electrically operated exhaust fan. The base of 
this vertical duct is connected by a duct below the 
floor of the passageways with the farthest end 
of the station platforms and thus sucks out the 
foul air in the stations. The fan equipments have 
been designed to change the air in’ both tunnel 
stations once in 30 minutes, the fresh air enter- 
ing through the passages by which passengers 
gain access to the stations from the street. There 
was some debate at first: whether it were best 
to use an exhaust system, or to force fresh air 
into the tunnels and allow the foul air to pass 
out through the passenger exits. There were 
several objections to the latter system, however, 
the most important being the possibility that in 
case of fire in the tunnels the smoke would be 
forced along the same passages the people would 
use in escaping from the tunnel, instead of by 
independent ducts as is the case in the adopted 
system. 

Sincerely yours, 


JoHN FEATHERSTONE. 
London, December. 29. 


Interstate Water Rights. 


Interstate water rights have recently been 
reveiwed by the U. S. Circuit Court of the North- 
ern District of California in Anderson y. Bass- 
man, 140 Fed. Rep. 14. In California the com- 
mon-law rule of riparian rights governs the use 
of water from a stream for irrigation, each ri- 
parian owner having the right to make a reason- 
able use of a reasonable quantity of water on his 
land. In Nevada the rule of prioritv of appro- 
priation governs, without reference to whether 
or not the lands are riparian. This suit was to 
determine the rights of citizens of Nevada and 
California to the waters of the West Fork of the 
Carson River, which rises in Alpine county, Cal., 
and flows into Douglas county, Nev. The court 
decides that riparian owners of lands on a stream 
in California and appropriators of waters for irri- 
gation purposes from the same stream lower down 
in Nevada were equally protected in the rights 
given them by the laws of the respective States, 
both subject to the limitation that a reasonable 
quantity of water only for the beneficial use to 
which it was devoted should be taken; that it 
should be economically distributed, and the sur- 
plus unused returned to the stream; that where 
the quantity of water in the stream was at times 
insufficient even for the users in California they 
would be restrained from diverting water from 
the stream during such part of the time as would 
give to the lower users in Nevada their just 
share. 


Basic BrESSEMER STEEL will be permitted in 
the bridges of the Austrian State Railways, ac- 
cording to “The Engineer,” of London. Until 
recently only open-hearth steel was allowed in 
such structures, 


